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PREFACE 



The work described in this Memorandum was carried out by the authors on 
behalf of the Committee on Road Users, appointed jointly by the Medical 
Research Council and the Road Research Board of the Department of Scientific 
and Industrial Research. A summary of the main findings has already been 
published in the British Medical Journal*; in addition to the information given 
there the present Memorandum includes full details of the results and of the 
experimental method used, together with a survey of earlier work on the 
physiological effects of alcohol and its effects on behaviour. 

The term intoxication, in relation to the drinking of alcohol, is generally used 
to denote a change in behaviour associated with certain clinical signs such as 
slurred speech and staggering gait. Some deterioration in efficiency and control, 
however, almost certainly occurs before these signs appear, and this may well 
be significant in situations calling for continuous attention and for speed and 
accuracy of action. 

Laboratory studies and also investigations of actual road accidents have 
suggested that, when the level of alcohol in the blood is relatively high, its 
measurement may provide a more reliable basis than clinical observation for 
assessing the impairment of ability to perform a skilled task such as driving a 
motor vehicle. There is less evidence on the value of blood alcohol measure- 
ments at lower levels when clinical signs will usually be absent. 

The present study was designed to investigate the effects of small amounts 
of alcohol which would produce concentrations in the blood below those 
regarded in a number of countries as evidence of intoxication and within the 
range of those reached in ordinary social drinking. The 40 men and women 
studied undertook in the laboratory a series of tests on an experimental task 
which in a simplified form resembled driving a vehicle on the road. 

The main findings regarding the relationship between performance of the 
task and the observed blood alcohol levels are presented in terms of the average 
effects on a group of individuals. They show that, in general, performance 
begins to deteriorate with very low blood alcohol levels and that deterioration 
progresses as the blood alcohol level rises. There was, however, a wide variation 
in the effect of alcohol on different individuals, and about a quarter of those 
tested showed reduced error after alcohol, although most of these did so only 
by a compensatory reduction of speed. The authors have made some attempt 
to assess the importance of various personal factors which may account for 
these individual differences. 

Recognition of the existence of individual variation in response to alcohol 
should not be allowed to obscure the principal result of the study described 
in this Memorandum. Evidence has been obtained that a high proportion of 
individuals show a measurable impairment of performance after drinking 
amounts of alcohol too small to produce even those clinical signs of intoxication 
apparent to trained observers. 

Medical Research Council, 

38 Old Queen Street, 

London, S.W.l 10th November 1959 



‘British Medical Journal (1958) Volume 2, page 993 
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L Introduction : Metabolism of Alcohol and Some Reported 
Findings on Behavioural Effects 



Since the drinking of alcohol in one form or another is so common a charac- 
teristic of the social life of man in a variety of cultures, it would seem important 
that as much as possible should be known both of its physiological effects and 
of its effects on behaviour. In fact, at the present time, very little precise informa- 
tion is available, in spite of an extensive literature on the subject. This literature 
has been reviewed, more or less comprehensively, periodically since the early 
part of this century (Fisk, 1917; Darrow, 1929; Emerson, 1933; Alcohol 
Investigation Committee of the Medical Research Council, 1938; Jellinek and 
McFarland, 1940; Drew, 1951). 

The most striking feature to emerge from any review of the effects of alcohol 
on behaviour is the marked lack of agreement between authors, amounting, in 
many instances, to direct contradiction. This is especially true for the effects of 
smaller doses. Perhaps not surprisingly, doses large enough to produce clinical 
signs of intoxication such as slurred speech and staggering gait have generally 
been reported as resulting in deterioration of efficiency in almost all aspects of 
behaviour tested. For doses below this level, however, the picture is not clear. 
Some authors have reported deterioration in performance however small the 
dose, some have failed to find any effect, while several have reported actual 
improvements following doses of the order of one single whisky. In part, these 
discrepancies arise from the complexity of the effects of alcohol, and from the 
considerable individual differences in response to it. In part, however, they 
reflect the unreliability of many of the results obtained, due to such factors as 
inadequate control of dosage, inadequate measurements and control of 
behaviour changes, and too few subjects. Further, there is insufficient detail in 
the statement of some results. 

Alcohol exerts its effects through the central nervous system, its main 
pharmacological effect being the depression of central nervous activity, so it 
is likely that the extent of its effect is closely related to the concentration of 
alcohol in the brain tissues. It is not possible to measure alcohol concentration 
in the living brain direct, but there is a constant ratio between this concentration 
and that of alcohol in the blood. In assessing the effect of alcohol on behaviour 
it would, therefore, seem desirable to relate the behavioural effects to the 
concentration of alcohol in the blood, rather than to the amount of alcohol 
consumed. Indeed, some of the earlier confusion with regard to the effects of 
alcohol on behaviour has arisen because workers have attempted to relate 
behaviour changes to the amount of alcohol ingested, without taking into 
account the effective concentration as reflected in the level of alcohol in the 
blood. Although it is clear that there is a 'relationship between the amount 
consumed and blood alcohol level, this relation is rather a complex one. The 
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concentration which a given dose produces in the blood depends on a number of 
factors, and it would, therefore, be necessary to know a good deal about the 
circumstances in which the alcohol had been consumed before the level of 
alcohol in the blood could be deduced from the size of the dose. 

In this section of the report, the metabolism of alcohol, and the relationship 
between the amount of alcohol ingested and the level of alcohol which appears 
in the blood, will be first considered and, subsequently, the relationships that 
have been reported between blood alcohol levels and various behavioural 
indicators of intoxication. 



Factors Affecting the Relation Between the Amount of Alcohol Ingested and 
Blood Alcohol Concentration 

The concentration of alcohol in the blood is usually expressed as the weight 
of alcohol in a given volume of blood, the units of measurement being grams of 
alcohol per litre of blood, or appropriate fractions of these. In this report the 
figures given will represent the number of milligrams of alcohol per 100 milli- 
litres of blood (abbreviated to mg%); quoted figures will be converted to this 
scale where necessary. 

BODY WEIGHT 

Since alcohol is absorbed into body tissue in proportion to the water content 
of the latter, the heavier an individual is, the lower the concentration in the 
blood will be following the ingestion of a given quantity of alcohol. Strictly 
speaking the relevant variable is lean body weight, since alcohol is only to a 
small extent absorbed by fat. 

TIME SINCE INGESTION 

Alcohol needs no digestion, but is absorbed directly into the blood from the 
stomach and small intestine by simple diffusion; it is then distributed through- 
out the body and is subsequently eliminated by oxidation or excretion. However, 
the rates of absorption and elimination are not usually the same, at any time, 
therefore, the amount of alcohol available to produce a pharmacological effect, 
following the ingestion of a given quantity, is the resultant of the absorption 
rate into the blood stream and the rate of disappearance through oxidation and 
excretion. Because initially the absorption rate is much faster than the rate of 
disappearance, the concentration of alcohol in the blood typically rises rapidly 
to reach a maximum value when most of the alcohol has been absorbed, and 
falls thereafter more gradually to zero. _ , . , . 

The three factors which together produce the rise and fall of blood alcohol 
following an ingested dose, absorption, distribution, and elimination, will now 
be considered. 



JLOSUrUUUlL . . , , . ii 

The more rapid the absorption rate, the earlier will be the peak, and since the 
earlier the peak the less time for oxidation, an early peak will tend to be higher 
than a late peak. The peak usually occurs between 30 and 90 minutes after 
ingestion, but may be considerably delayed and lowered by slow absorption. 
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It was suggested by Mellanby (1919) that the absorption of alcohol into the 
blood stream is completed when the maximum blood alcohol concentration is 
reached. This is supported by Widmark (1932), Jungmichel (1933), and others. 
Haggard, Greenberg and Lolli (1941), however, present evidence to show that 
alcohol absorption from the stomach continues long after the maximum blood 
alcohol concentration is reached, but that when little alcohol remains in the 
stomach absorption rate is reduced with the result that it is slower than the 
rate of disappearance. 

The rate of absorption of alcohol is affected by a number of factors. 

Absorption will be slowed by the presence of food in the stomach. This 
increases the time taken to empty the stomach and thus delays the entry of 
alcohol into the small intestine, from which it is absorbed most rapidly. 
Goldberg (1951) found that the presence of food in the stomach lowered the 
blood alcohol curve much more when the alcohol was taken as spirits than 
when it was taken as beer. For distilled spirits the peak bloodalcohol concentra- 
tion was not reached in some cases until 180 minutes after drinking, and the 
blood alcohol curve was 30-70 per cent lower when the spirits were taken with 
food than when they were taken on an empty stomach; but the blood alcohol 
concentration after drinking beer was not at all or only slightly influenced by 
the simultaneous taking of food. The nature of the food also influences the 
absorption rate. Mellanby (1919) found that foods high in fat content were 
effective in retarding absorption, but that protein had little effect. Later workers 
have suggested that proteins are also effective in delaying absorption (Tuovinen, 
1930; Widmark, 1933; Haggard and Greenberg, 1940; Newman, 1941). 

Absorption rate also depends on the amount, the dilution and the nature of 
the alcohol consumed. 

For any individual the greater the quantity of alcohol consumed the faster is 
it absorbed, though the rate of absorption does not increase in proportion with 
the increase in the amount consumed (Harger et al., 1937). 

The dilution of alcohol affects the rate at which it is absorbed (Mellanby, 1919 ; 
Miles, 1924; Goldberg, 1951); this can be seen from the way it affects maximum 
blood alcohol concentration. Goldberg has shown that the peak blood alcohol 
level for wines, and for spirits at the dilution of wine, was about 25 per cent 
lower on the average than that for distilled spirits. The more rapid absorption 
of distilled spirits results in a high peak and a spiky curve in contrast to the lower 
peak and rounder curve for wines and diluted spirits; this occurs with spirits 
because the diffusion of alcohol into body tissues fails to keep up with absorption 
into the blood (Newman and Abramson, 1942). There is, however, an upper 
limit to the increase in absorption rate with increase in strength of dose. 
Newman (1941) pointed out that with highly concentrated doses absorption rate 
may be lowered because the alcohol may cause inflammation of the tissues of 
the viscera, followed by an outpouring of protective mucus causing a reduction 
in the accessibility of the absorbing surface; gastric motility may also be de- 
pressed in this way so that emptying time is prolonged. Newman suggests that 
the maximum speed of absorption occurs when the alcohol consumed is at 
concentrations of between 10 and 20 per cent. Other investigators have shown 
that alcohol is more readily absorbed at concentrations of between 10 and 30 
per cent (Hanzlik and Collins, 1913; Haggard et al., 1941; Lolli and Rubin, 
1943). However, for small amounts of alcohol the factor of dilution is relatively 
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unimportant, as the alcohol is absorbed rapidly irrespective of dilution (Him- 
wich, 1956). 

The nature of the drink consumed also has an influence on absorption rate. 
The greater the buffer capacity of the drink, the slower is its absorption. Newman 
and Abramson (1942), for example, found that other forms of alcohol buffered 
to the pH of wine had the same absorption rate as wine. It appears that carbo- 
hydrate in alcoholic beverages also lowers the blood alcohol curve; hence 
whisky, at the same dilution as stout, is absorbed more rapidly (Mellanby, 1919). 
Goldberg (1951) demonstrated a lower blood alcohol curve for beer than for 
the same quantity and dilution of alcohol in water. Haggard et al. (1941) and 
Klein (1951) found similar results when comparing beer and sweet wine. 

Goodman and Gilman (1956) state that absorption rate is entirely dependent 
on the emptying time of the stomach, since alcohol in the small intestine is rapidly 
and completely absorbed whatever its amount, dilution, or nature; these factors, 
however, exert an important effect indirectly by influencing stomach emptying 
time. 

Newman and Card (1937) state that absorption appears to be inhibited after 
a time possibly both because there is a slowing of the flow of blood to the 
viscera, and because alcohol becomes fixed in the mucosa, causing a high alcohol 
concentration in the intestinal wall and a lower diffusion gradient. 

Furthermore, absorption rate varies between individuals. Eggleton (1941 and 
1942) has drawn attention to the individual differences and irregularities which 
exist in the rate at which the stomach is emptied. This could not only produce 
different rates of absorption in different individuals but also an irregular absorp- 
tion rate in the individual. Schmidt (1934) gave normal subjects a dose of 0- 6 ml 
per Kg body weight in the form of whisky and soda and observed the maximum 
blood alcohol level to vary from 40 to 80 mg%, the time of occurrence of this 
maximum ranging from 15 to 90 minutes after ingestion. He suggests that, as 
the rates of disappearance were shown to be similar, the differences must have 
been due to differences in rates of absorption. Newman and Fletcher (1940) found 
that following the administration of a standard dose of 1 ml per Kg body weight 
the maximum concentrations for a group of 65 subjects had an approximately 
normal distribution with a range of approximately 60-130 mg%. Goldberg 
(1951) quotes data obtained, under fasting conditions, from two subjects of the 
same body weight who had consumed four bottles of beer; one showed an early 
blood alcohol maximum of 114 mg%, and the other a later and lower maximum 
of 61 mg%. It is clearly differences in absorption rate that produce these 
differences in time and level of peaks. 

It has been shown by Miles (1924), Schmidt (1934), Fleming and Stotz (193 6), 
Newman and Card (1937) and Goldberg (1951) that heavy drinkers have a 
higher rate of absorption of alcohol into the blood and an earlier and higher 
maximum blood alcohol concentration than light drinkers. It is possible that 
faster absorption rates are partly due to faster emptying of the stomach in heavy 
drinkers. 

Distribution 

After it has been absorbed into the blood, alcohol is rapidly distributed round 
the body. During the absorption phase, a constant ratio between the concentra- 
tion in the blood and in the other fluids and tissues tends to be maintained, 
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particularly when absorption is relatively slow. However, the alcohol is 
distributed at different speeds to the different fluids and tissues, distribution to 
the cerebrospinal fluid being rather slower than that to most other fluids and 
tissues Thus during active absorption, the rising phase of blood alcohol con- 
centration, the level in the cerebrospinal fluid is lower, and during the falling 
phase it is’higher than that in the blood (Lester and Greenberg, 1952). 

Alcohol is taken up by the body tissues and fluids roughly in proportion to 
their water content, and there is, therefore, an unequal distribution of alcohol 
throughout the tissues. The percentage of alcohol in the brain has been generally 
found to be about four-fifths of that in the blood (Harger and Hulpieu, 1956). 
Practical use can be made of the proportional distribution of alcohol throughout 
the body in making indirect assessments of blood alcohol levels from samples 
of body fluids (urine and saliva) and expired air. An evaluation of the use of 
urine and breath analysis for estimating blood alcohol content is given in 
Appendix A. 

Widmark (1932) introduced a formula for finding the amount of alcohol in 
the body from body weight and blood alcohol concentration. This formula 
contains the factor ¥ expressing the proportion of alcohol in the blood to that 
in the tissues. He found that, after the consumption of spirits, ¥ for men varied 
from 0-60 to 0-76 and for women from 0-50 to 0-60. The value of ¥ was 
somewhat higher after the consumption of beer, being about 1-0. Other 
investigators have found similar values of ¥. For example, Newman and 
Lehman (1938) found ¥ to be 0-7, and Goldberg (1951) found that ¥ for 
distilled spirits averaged 0-721 and for beer 0-89. The latter found a slight 
decrease in ¥ with increase in the amount of alcohol taken. The value of ¥ 
is approximately constant for a given animal species. Eggleton (1940) points out 
that the variation between species is presumably due to varying fat content, as 
the fat contains only 10-20 per cent of the blood plasma concentration. 



Elimination 

The disappearance of alcohol from the body is the result of metabolism and 
excretion combined. Most of the alcohol is metabolized; only 1-5 per cent is 
excreted in the urine, depending on the amount and dilution of alcohol ingested 
and on the volume of urine produced, and a maximum of 5 per cent lost in 
faeces, breath and sweat. Alcohol is oxidized to acetaldehyde, then to acetic 
acid. The second step is much faster than the first, so acetaldehyde concentration 
is low. Acetic acid is the normal intermediate in the oxidation of fats and 
carbohydrates, and alcohol can therefore produce calories in the same way; 
seven large calories are produced per gram of alcohol. Eighty per cent of the 
alcohol is metabolized in the liver, and the rest in the kidneys and other tissues 
(Lester and Greenberg, 1952). The rate of metabolism seems to be determined 
by the amount of functional liver tissue. 

Unlike the absorption rate, the rate of disappearance of alcohol is resistant 
to change. Attempts made to increase the rate through increased urine output 
or increased respiration have been unsuccessful because only small amounts of 
alcohol are excreted unmetabolized. It has also been shown that exercise does 
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not increase the rate of alcohol metabolism. Attempts to increase the rate by 
means of drugs or diet have also been unrewarding. Although Himwich (1956) 
concludes from a review of previous studies that under certain limited conditions 
amino acids, or a combination of glucose and insulin, will facilitate alcohol 
metabolism, the evidence that alcohol metabolism can be increased is generally 
regarded as inconclusive. 

It is established that there is an approximately rectilinear fall-off in the blood 
alcohol level in the post-absorptive phase; an average rate of disappearance of 
alcohol from the blood of 15 mg% per hour is generally accepted. The straight- 
line fall-off was first suggested by Mellanby (1919), and was confirmed by 
Widmark (1932) who derived the factor describing the decline in terms of the 
number of milligrams of alcohol which disappeared from 1 ml of blood in 
1 minute. While agreeing that the disappearance of alcohol is rectilinear, 
Newman, Lehman, and Cutting (1937) suggested that larger doses are 
metabolized more rapidly, so that the slope of the line is steeper. The work of 
Goldberg (1951) supports this view. 

Goldberg found that 1 pint of beer will take 2 or 3 hours to disappear, and 
7 pints will take 9 hours. He also found that an equivalent amount of alcohol 
in the form of distilled spirits will take longer; for example, 15 whiskies 
(equivalent to 7 pints of beer) will take 15 hours to disappear. It is clear that 
even for relatively small doses a considerable time will elapse before alcohol is 
completely eliminated from the body. 



The Relation between Blood Alcohol Level and Behaviour 

Until metabolized or excreted, alcohol exercises a pharmacological effect on 
the central nervous system. Alcohol is a primary and continuous depressant and 
in this respect it shares the characteristic action of the general anaesthetics. 
That it appears to act as a nervous stimulant is probably due to the fact that 
the higher centres of the brain are depressed earlier and to a greater extent than 
the lower, the earlier depression of the higher inhibitory mechanisms freeing 
the lower centres of the brain from control. 

Much has been reported about the changes in behaviour that follow the 
ingestion of alcohol. It is now generally agreed that a relationship exists between 
the concentration of alcohol in the blood and the degree of intoxication as 
judged by clinical signs. Indeed, this relationship is the basis on which have 
been established the levels of blood alcohol used in some countries to define 
intoxication for medico-legal purposes. It is not possible, however, to predict 
with any precision, for any one individual, the effects on performance that will 
accompany a given level of blood alcohol. Not only does the effect of alcohol 
on any one kind of performance vary with individuals and with the time since 
ingestion, but alcohol has been shown to have different effects on different 
kinds of performance. Thus the effect of a given level of blood alcohol will vary 
with individual response, the length of time since ingestion, and the kind of 
performance studied. These three factors will now be discussed. 
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INDIVIDUAL REACTIONS TO ALCOHOL 



The diversity of tolerance to alcohol is well known, as indeed is the diversity 
nf tolerance to all drugs (Nelson, 1939): even when all possible factors are held 
constant, a quantity of alcohol which causes some disturbance m one individual 
... have little or no effect on another. 

cl Adhere (1951) found that given the same dose of alcohol proportional to 
body weight habitual drinkers were less affected than occasional drinkers even 
thniish the habitual drinkers tended to have higher maximum blood alcohol 
Wpk Tetter (1938) compared an experimental group of occasional drinkers 
with a hospital population of habitually heavy drinkers, and found that a larger 
nronortion of the experimental group than of the hospital group were judged 
L intoxicated when given the same dose of alcohol, the difference being 
greater for low doses; at blood alcohol concentrations of 75-125 mg%, 50 per 
cent of the experimental group and only 18 per cent of the hospital group were 

iudged to be intoxicated. . 

Apart from this acquired tolerance due to habitual drinking, there is a wide 
ran»e of reactions to alcohol which must be attributed to differences m the 
inherent tolerance of individuals. Goldberg (1943) and Newman, Fletcher, and 
Abramson (1942) found a normal distribution of individual tolerance to alcohol. 
Newman (1947) obtained a bell-shaped distribution curve of the blood alcohol 
concentrations at which significant impairment of coordination occurred; these 
concentrations ranged approximately from 40 to 220 mg /. 

Reasons for the individual differences in susceptibility to alcohol have been 
little investigated, but some attempts have been made to relate these differences 
to personal factors such as age, sex and personality characteristics. Newman and 
Fletcher (1940) found no relation between age or sex and loss of efficiency in 
performance after drinking alcohol. Cattell (1930) found some evidence of age and 
sex difference, his women subjects being more affected than his men subjects, 
and his middle-aged subjects showing improvement on each of two tests after 
alcohol. Wierenga (1936) found the effect of alcohol much greater in a ‘choleric’ 
subject than in a ‘phlegmatic’ one. Bartley and Chute (1947) quote Sheldon as 
observing that viscerotonic individuals (characterized by ‘general relaxation, 
love of comfort, sociability, conviviality, gluttony for food, for people, and for 
affection’) not only enjoy alcohol but even benefit from small quantities, while 
cerebrotonics (characterized by ‘the element of restraint, of inhibition, and of 
the desire for concealment’) are said to be adversely affected by alcohol even in 
small doses. Cattell (1930) distinguished a group of his subjects who improved 
with small doses of alcohol and deteriorated with caffeine from a group who 
showed the reverse effects. The former he described as ‘ “people who live on 
their nerves”, sensitive, and unstable, very reserved and obstructed in some 
forms of response and yet free in others, erratic and, as individuals, either 
dispirited or hypercritical in their general outlook’. By contrast, the group who 
improved under caffeine he described as ‘steady-tempered, possessed of con- 
siderable energy, evenly inhibited, moderately introverted, egocentric and self- 
confident’. It has often been noticed that when depressant drugs are given to 
psychiatric patients a given dose has a greater effect on patients with hysterical 
disorders than on those showing anxiety and depressive symptoms. A theory 
postulating a greater susceptibility of extraverts to depressant drugs was first 
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put forward by McDougall (1929) and has recently been extended by Eysenck 
(1957a). Experimental confirmation of the greater susceptibility of extraverts to 
the depressant action of amobarbital sodium has been published by Shagass 
(1954 and 1957). 



THE EFFECT OF LENGTH OF TIME SINCE INGESTION 

Since, after a dose of alcohol, the level of alcohol in the blood first rises and 
then falls to zero, any blood alcohol level which occurs on the rising curve will 
occur again later when the blood alcohol level is falling. The standard of task 
performance at a particular blood alcohol concentration on the rising curve has 
been found to be inferior to that at the same concentration on the falling curve 
(Mellanby, 1919; Miles, 1924; Schmidt, 1934; Eggleton, 1941; and Goldberg, 
1951). Miles suggests that some kind of adaptation occurs. Mirsky, Piker, 
Rosenbaum and Lederer (1941) also postulated an adaptation of the central 
nervous system, which permitted symptoms of intoxication to disappear within 
several hours even when the initially intoxicating blood alcohol level was 
maintained. However, since a falling blood alcohol concentration always occurs 
after a rising one, it has not been possible to differentiate the effects of the 
difference in the direction of movement of the blood alcohol level from the 
effects of the difference in the length of time the alcohol has been in the body. 
Eggleton (1941) and Newman et al. (1942) claim that the degree of intoxication 
is dependent not only on whether the blood alcohol curve is rising or faffing 
and on the length of time that has elapsed since ingestion, but also on the rate 
at which concentration is built up during the absorption period. One of 
Eggleton’s subjects had an impairment of 6 per cent at a blood alcohol concen- 
tration of 100 mg% when the rate of increase of blood alcohol concentration 
was 2-15 mg% per minute, and an impairment of 45 per cent at the same blood 
alcohol level when the rate of increase was 7-5 mg % per minute. 



THE RELATION BETWEEN DIFFERENT KINDS OF PERFORMANCE AND 
BLOOD ALCOHOL LEVEL 

It has been seen that the effect on performance of a given level of alcohol in 
the blood varies with the individual and with the time that has elapsed since 
ingestion. The third important variable is the kind of performance that is being 
studied. It has already been mentioned that the literature presents a confused 
picture of the effects of alcohol on different kinds of performance, particularly 
as regards small doses. While this results partly from the complexity of the sub- 
ject, undoubtedly it is also partly caused by the unsatisfactory experimental 
techniques often used in this field. 

‘Clinical’ Behaviour 

A person is commonly said to be intoxicated, or ‘under the influence’, when 
he exhibits such characteristic behaviour as unsteady or erratic gait and 
confusion of thought and speech, and indeed deterioration of this kind is 
regarded as clinical evidence of intoxication. Further, it is generally accepted 
that there is a relation between these clinical signs of intoxication and blood 
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alrnhol level and in some countries this has been used as a bas lS for legal 
definitions of intoxication. However, a study of the literature shows that it is 
„„ siWe t0 define a precise relation between blood alcohol level and ‘clinical’ 
behaviour b cause clinical judgement of the effect of alcohol has been found 
£ £ ^ unreliable measure; Liljestrand (1940), Goldberg (1951), Lotas (1957), 
and Penner and ColdweU (1958) all give evidence of considerable variation in 
'diagnosis made by different clinicians. 

Clinical judgement is thus an unreliable measure of the effects of alcohol even 
when clinical signs are present, and it is questionable whether it is an 
appropriate basis on which to assess the effects of alcohol on the performance 
of a skilled task such as driving a car. The complex and recently acquired 
aspects of behaviour are more readily impaired than others (Jellinek and 
McFarland 1940) and are therefore likely to be affected at blood alcohol 
levels below those at which clinical signs of intoxication appear ; there is evidence 
from laboratory and field studies that such performance is affected below these 
levels. 



Sensory Responses 

Most studies have been concerned with touch, vision and hearing, but some 
work has been done on pain sensitivity; measures have been made of the effects 
of alcohol on the absolute sensitivity of the sense organs (absolute threshold) 
and on their sensitivity to changes in the stimulus (difference threshold). 

The experiments on difference thresholds, though in the main carried out on 
few subjects, give fairly consistent results which show that even small doses of 
alcohol increase the threshold, the subjects becoming less sensitive to, and less 
aware of, change in stimuli. Both Lichtenfels (1851) and Kremer (1884) found 
a marked decrease in skin sensitivity as judged by capacity to differentiate two 
skin contacts from one ; it was necessary to increase the distance between the con- 
tacts by 93 per cent before they could successfully be differentiated 90 minutes 
after a moderate dose of alcohol in a fairly strong solution. Lange and Specht 
(1914), Miles (1924) and Busch (quoted by Jellinek and McFarland, 1940) all 
report decrease in sensitivity to differences in visual stimuli. Visual acuity similarly 
suffers after quite small doses. Subjects are normally unaware of these changes 
in visual efficiency. According to Jellinek and McFarland (1940), the auditory 
difference threshold is similarly changed. Depth perception appears to be 
impared with moderate doses (Newman and Fletcher, 1940, and Newman, 
Fletcher and Abramson, 1942). 

The absolute sensitivity of sense organs seems to be reduced by large doses, 
but is either unchanged or is even increased by small ones. Lange and Specht 
(1914) (quoted by Jellinek and McFarland) found an increase in sensitivity for 
both vision and hearing after small doses, but Harrisen (Jellinek and 
McFarland) found a decrease for hearing; Muffin and Luckhardt (1934) report 
a marked decrease in sensitivity to pain. Bjerver and Goldberg (1950) found an 
average impairment of 32 per cent on a flicker fusion test and of 35 per cent on 
a blink test in subjects having an average blood alcohol level of 56 mg%; the 
threshold of impairment occurred at a blood alcohol concentration of 20-30 
mg% on the flicker test, and 40-50 mg% on the blink test. The impairment 
increased to a maximum and then decreased slightly in advance of the corres- 
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ponding rise and fall of blood alcohol. The authors claim ‘Alcohol had the same 
effect on vision as the setting of a grey glass in front of the eyes, or driving with 
sun glasses in twilight . . They attribute this effect to the suppressive effect 
of alcohol on the inhibitory components of the retina involved in dark 
adaptation, and suggest that this adds to the evidence that for small doses the 
fact that alcohol appears to stimulate is probably due not to a stimulation of 
the central nervous system but to a paralysis of inhibitory centres. 



Reaction Time 

Effects on reflex responses. Much of the work on the delay in reflex responses 
following the ingestion of alcohol has been done with apparatus which is now 
obsolete, and the measurements are unreliable. Most experiments in which 
modern recording instruments have been used (e.g. Travis and Dorsay, 1929) 
indicate that the delay in reflex response is shortened, that is, the reflex response 
is speeded after alcohol. The above authors report a decrease in reaction time 
for the patellar reflex, varying from 18 per cent after 3CM0 ml of alcohol in a 
concentrated solution to 38 per cent after 100 ml. The maximum effect appears 
to be reached between 30 and 45 minutes after ingestion. This increased speed 
of the reflex accords with the view that alcohol is a central depressant, since the 
increased speed can be accounted for by the release of lower centres from higher 
control. Dodge and Benedict (1915) also found increased speed of response in 
the patellar reflex. On the other hand, Miles (1924) reported a decrease in both 
speed and amplitude in eyelid responses but his recording apparatus was not 
very satisfactory. 

Effects on voluntary responses. Here again, shortcomings in experimental 
techniques make any exact statement of the effect of a particular dose of alcohol 
impossible. From the data of many different experiments tabulated by Jellinek 
and McFarland (1940) it seems clear that the effect of any dose of alcohol is 
ultimately to increase the reaction time to visual, tactile and auditory stimuli. 
The amount of increase reported is, however, very variable (Exner (1873), 
Miles (1924), Niemirowicz (1938), Cavett (1938).) 

Of considerable interest are the results of Kraepelin (1883, 1896), Warren 
(1887), and Niemirowicz (1938) in which shorter reaction times are recorded 
in the first few minutes after taking alcohol. In general, approximately 3 per 
cent decrease in time has been recorded, though Niemirowicz reports decreases 
as large as 24 per cent. Jellinek and McFarland (1940) regard these decreased 
times as artifacts. They base this conclusion on the fact that reaction time 
experiments show considerable practice effects, and that it has been the custom 
with all these authors to compare post-alcohol readings with the average of 
pre-alcohol readings. While this must throw grave doubt on the results quoted, 
it would appear premature, in view of the improvement of skills noted by some 
authors following small doses, to ignore the possibility of a decrease in reaction 
time in the first few minutes. 

From the point of view of driving, the fact that all doses appear to lengthen 
the reaction time after a short interval would seem to be the important 
consideration. 



Printed image digitised by the University of Southampton Library Digitisation Unit 



INTRODUCTION 



More Complex Behaviour 

Coordination. While the literature indicates that small doses increase both 
the strength and speed of simple muscular responses, such as strength of grip, 
in ergographic tasks, these doses seem to produce impairment in all tasks 
requiring coordination. Dodge and Benedict (1915), Miles (1924), Bahnsen and 
Vedel-Petersen (1934) and McFarland and Barach (1936) have all reported 
impairment of a variety of simple coordination tasks after relatively small 
doses. Vernon, Sullivan, Greenwood and Dreyer (1919) and Miles (1924) found 
a marked decrease in accuracy of typing and a slight decrease in speed. 

Driving— experimental studies. On more complex tasks, Vernon (1936) using 
the original ‘Miles Trainer’, a machine designed to simulate car driving (described 
on p. 18), found an increase in error and in speed in his drivers following a 
dose of whisky diluted to give 30 ml of absolute alcohol in 20 per cent solution. 
He noted that his drivers showed greater variability in speed, tending to drive in 
short bursts of speed and to suddenly slow down. Newman and Fletcher (1940), 
using a series of tasks designed to be analogous to driving, found, with a dose 
giving a mean peak blood alcohol concentration of approximately 100 mg%, an 
overall relationship between blood alcohol concentration and the degree of 
impairment in performance. No actual improvement in performance was found, 
though some subjects felt that they did better with alcohol and others expected 
that they would improve. In a carefully controlled series of experiments, Bjerver 
and Goldberg (1950) tested experienced drivers on six tasks designed to measure 
their skill in manipulating a motor-car. After 40 or 53 ml absolute alcohol taken 
either as beer or as diluted spirits, and resulting in a blood alcohol level of 
40-60 mg %, the time required for each manoeuvre was increased ; the increase 
varied from 3-3 per cent on a ‘Blocks’ test, where the car had to be steered to 
knock over 3 blocks placed on a gentle curve, to 71 ■ 8 per cent in the time taken 
to park the car. 

Borkenstein (1956) tested 16 male subjects on a series of practical driving tests 
similar to those used by Bjerver and Goldberg, except that performance was 
measured in terms of the number of stanchions struck. The number of white lines 
crossed was also recorded, and scores were allocated for car handling errors by 
the passenger observer. All subjects were given two trials ; some took alcohol on 
their second trial; the blood alcohol levels obtained ranged from 60-240 mg%. 
Drivers with blood alcohol levels over 150 mg% had a mean increase of 40 errors 
over their initial score, drivers with blood alcohol levels of 70-140 mg % had a 
mean increase of 12 • 7 errors, while the control, non-drinking, drivers had a mean 
increase of 3 • 5 errors. 

Coldwell (1957), using the same driving tests as Borkenstein, measured the 
impairment of 50 drivers after they had drunk alcohol. He found that a majority 
of drivers with blood alcohol levels below 80 mg % showed evidence of impaired 
driving ability, and that all subjects with blood alcohol levels between 80 and 
150 mg % showed evidence of impairment. 

Loomis and West (1958) measured change in reaction time, time off course, 
and time taken to complete the course, for subjects operating a simulated auto- 
mobile training device. A direct relationship was found between blood alcohol 
level and impairment of function. Impaired performance was demonstrated in 
all 10 subjects at a blood alcohol concentration of 50 mg%, and at 150mg% the 
performance had decreased to approximately two-thirds of the control values. 
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Most investigators measuring driving impairment have measured, essentially, 
ability to co-ordinate; Cohen, Dearnaley and Hansel (1958) are more concerned 
with judgement. They show that at blood alcohol levels of 60-80 mg% there is a 
significant increase in the hazards incurred in driving a bus through narrow gaps, 
and at the same time an increased confidence of success in doing so. 

Driving — accident studies. Many of the above authors have pointed out that 
the tasks performed in these tests present neither emergencies nor other hazard- 
ous situations which may occur in normal driving. They also suggest that the 
test situation may induce higher motivation to perform well; if this were so the 
effect of alcohol in a real driving situation might well be greater. Two field 
studies have been carried out, one in the United States and one in Canada, in 
which the proportion of drinking drivers in groups of individuals involved in 
traffic accidents was compared with the proportion in non-accident groups. 

The first, a study by Holcomb (1938) in Evanston, Illinois, compares the 
distribution of blood alcohol levels in a group of 270 drivers involved in accidents 
resulting in personal injury who were examined by Heise from 1935 to 1938, 
with the distribution in a group of 1,750 non-accident drivers examined in the 
course of one week. Table 1 shows the percentage of drivers in the two groups 
at different blood alcohol levels. 



TABLE 1 

Levels of blood alcohol found in accident and non-accident drivers : Evanston study 



(Adapted from Lucas, Kalow, McColl, Griffith and Smith, 1955) 














Ratio of 


Alcohol 
in blood 


Accident drivers 


Non-accident drivers 


per cent 
accident to 


( m g%) 


No. 


Per cent 
of group 


No. 


Per cent 
of group 


non-accident 

drivers 


No alcohol 


144 


53-4 


1538 


87-9 


0-6 


Trace to 60 


39 


14-2 


133 


7-6 


1-9 


70 to 100 


28 


10-4 


56 


3-2 


3-3 


110 to 140 


22 


8-2 


16 


0-94 


8-7 


150 and above . 


37 


13-8 


7 


0-45 


33-1 



TABLE 2. 

Levels of blood alcohol found in accident and non-accident drivers : Toronto study 
(Adapted from Lucas, Kalow, McColl, Griffith and Smithy 1955) 



Alcohol 
in blood 
(mg %) 



0 to 50 . 

50 to 100 . 
100 to 150 



150 and above . 



Accident drivers 

No. Per cent 

of group 



Non-accident drivers 

No. Per cent 

of group 



Ratio of 
per cent 
accident to 
non-accident 
drivers 



328 77-5 

30 7-1 

17 4-0 

48 11.3 



1839 

109 

39 

28 



91-3 

5-4 

1-9 

1-4 



0- 85 

1- 31 

2 - 10 
8-10 
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In the second study (see Table 2), carried out in Toronto, Lucas, Kalow, 
McColl Griffith and Smith (1955) questioned the comparability of the accident 
and non-accident groups used by Holcomb ; to ensure comparability of their own 
groups for each of their accident drivers they obtained data from four or more 
non-accident drivers who had passed the scene of the accident at the time. 
423 accident drivers and 2,015 non-accident drivers were tested. 

"it is clear from these two studies that the percentage of drivers with a given 
blood alcohol level was greater in the accident groups than in the non-accident 
groups when this level was greater than 50 mg%; further, above 50 mg%, as 
blood alcohol level rose, the percentage with a given blood alcohol level 
increased very much faster in the accident groups than in the non-accident 
groups. 

Further, Haddon and Bradess (1959) show that in single vehicle accidents— 
those involving no other vehicle or pedestrian — in which the driver was killed 
the proportion of drivers with alcohol in the blood was higher than the propor- 
tion of drivers with alcohol in the blood in accidents in general. They found that 
49 per cent (of 83 drivers) had blood alcohol levels at death of 150 mg % or more, 
while the levels of an additional 20 per cent fell between 50 and 150 mg%. 
These figures may be compared with those given in the Toronto and Evanston 
studies mentioned above. Haddon and Bradess conclude that in single vehicle 
accidents in which the driver is killed alcohol is likely to be an important causa- 
tive factor. The Delaware accident statistics for 1957 support these findings; all 
the fatalities classified as single vehicle fatalities were examined, and it was found 
that 67 per cent (of 15 drivers) had blood alcohol levels of 150 mg% and two 
drivers had levels between 100 and 150 mg%. 



EVIDENCE FOR A THRESHOLD 

The possibility of there being a threshold of impairment has been mentioned 
by several investigators. Mellanby (1919) observed that an individual may show 
no symptoms of intoxication at a given blood alcohol level but may be severely 
intoxicated at a blood alcohol level only slightly higher. Newman and Abramson 
(1942) found a striking threshold effect for an aiming task when they arranged 
for the blood alcohol level in their subjects to rise gradually over a period of 
several hours; the threshold, under this special condition, ranged from 65 to 
157 mg%. Bjerver and Goldberg (1950) report that impairment of driving ability 
begins at 35-40 mg%, but they had very little information about performance 
below this level on which to establish a threshold. Goldberg (1950) suggests that 
the threshold varies with the task being investigated. Holcomb (1938) concludes 
from his field study that accident liability begins to increase when the blood 
alcohol level rises above 50 mg%. 



SUMMARY 

It is clear that, in moderate to large doses, alcohol produces a marked 
deterioration both in sensory capacity and in the ability to perform complex 
tasks. There is also evidence that blood alcohol levels below those associated 
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with clinical signs of intoxication are accompanied by impairment of complex 
skills and by increased accident liability. Previous research has not made it clear 
however, at how low a dose this effect starts, or even whether low doses produce 
an improvement and higher doses a deterioration. There seems to be some support 
from past work for the hypothesis that different individual effects associated 
with personality variations may be expected from low doses. 
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n. The Present Investigation 

Aims 

The experiment reported here had two major aims : 

1. To investigate the relationship between the performance of a task 
resembling driving* and the blood alcohol levels resulting from small 
doses of alcohol. 

2. To consider individual differences in response to alcohol in relation to 
other personal characteristics. 

An additional aim was to evaluate methods of indirect estimation of blood 
alcohol concentration from urine analysis and from different techniques of 
breath analysis. The findings from this part of the study are reported in 
Appendix A. 

Experimental Method 

In tins experiment the performance of 40 subjects on a simulated driving task 
was tested both under 'normal 5 conditions (placebo dose) and after the ingestion 
of 4 different doses of alcohol. Blood, urine and breath samples were taken at 
intervals during the performance of the task. All subjects were given a number of 
personality tests before they began their series of driving tests. 

A pilot experiment was conducted beforehand with 6 subjects. This was 
designed to test the sensitivity of the scoring devices and the general suitability 
of the driving apparatus, to find the appropriate alcohol dose levels to be used, 
and to gain experience in collecting and analysing samples. 

It has been noted that many of the results of previous work of this kind are 
difficult to interpret because of failure to control various aspects of the total 
situation. In designing this experiment, therefore, care was taken to keep 
conditions as constant as possible. 



SUBJECTS 

The subjects for the experiment were all obtained from the staff of the Road 
Research Laboratory. The great majority were scientific or experimental officers ; 
the remainder were from the ‘industrial’ staff. All subjects were volunteers. 
Obtaining subjects by asking for volunteers has certain disadvantages; for 
example it is always doubtful whether a true sample of personality variations is 
obtained by a volunteer method. In the present case it had the further dis- 
advantage of excluding all total abstainers from the experimental population. 
However, it is neither easy nor desirable from a motivational point of view to 
use other than the volunteer method for experiments of this kind. 

Forty subjects were used in the main experiment. The mean age of the group 
was 31 years; 39 subjects were between 23 and 40 years of age and there was one 



♦Actual driving was undesirable partly because of the extreme difficulty of scoring behaviour 
at all accurately, as the situation to which the driver is responding cannot be controlled to 
any extent, and partly because it was undesirable to risk an accident with a driver who had 
taken alcohol for the purposes of this experiment. 

IS 
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considerably older subject of 58 years. Five of the subjects were women. All 
subjects held current driving licences, though driving experiences varied con- 
siderably. All subjects were asked to report their normal drinking habits and it 
was found that the majority were occasional or moderate drinkers. All were in 
good health at the time of the experiments. Though no detailed measurements 
were made, it is probable, from the nature of their employment, that the subjects 
were not a representative sample of the general population in intelligence, but 
were, as a group, above the national average; there were certainly no individuals 
of low intelligence amongst them. 

ALCOHOL DOSES 

As this research was concerned with the effects of small amounts of alcohol, it 
was decided to use as the largest dose one which would give a maximum blood 
alcohol concentration of not more than 100 mg % as this is well below the 
concentration accepted in the United States as that at which 50 per cent of a 
population will be intoxicated. Preliminary tests indicated that a dose of 
0 ■ 65 grams of alcohol per kilogram of body weight could be expected to yield 
a blood concentration of slightly less than this figure. This was therefore used 
as the largest dose. It is the approximate equivalent of three pints (48 fl. oz.: 
1,700 ml) of ‘average’ beer, or 5 fl. oz. (142 ml) of whisky, for an 11-stone 
(70 Kg) man. Three other alcohol doses were used to cover the range between 
this dose and zero alcohol ; these were 0 • 20, 0 ■ 35 and 0-50 grams of alcohol per 
kilogram of body weight. (The doses given to subjects were based on total body 
weight, rather than estimated lean body weight, but since the blood alcohol levels 
resulting from any one dose varied little, it would appear that the effect of this 
was negligible.) A placebo dose containing no alcohol was used for control 
purposes. 

In view of the report of Haggard, et al. (1943) that the effects of different 
brands of the same type of spirit vary considerably, it seemed desirable to use 
the ‘purest’ form of alcohol. Therefore absolute, ‘analar’ grade, ethyl alcohol 
was used. The alcohol was given as a 20 per cent solution since this was likely to 
ma ximi ze the blood alcohol levels obtained (see p. 3). In order to provide a 
placebo dose which was not clearly a placebo to the subjects, all the drinks were 
heavily flavoured with ginger and peppermint mixed with lime, lemon or orange, 
in an attempt to disguise the taste of alcohol. This appeared to be successful 
since subjects showed chance accuracy at the time of drinking in deciding whether 
or not they had been given alcohol. Some 20-30 minutes after drinking the 
largest dose they were all aware of having had alcohol, but were very inaccurate 
in estimating the quantity. 



THE TASK 

Since blood alcohol concentration changes with time from drinking, first 
rising and then falling steadily, it was necessary to obtain measures of 
performance change over a reasonably long period; it was also necessary to 
give the subjects a continuous task which would keep them occupied for most 
of the period; the period chosen was two hours. Short performance tests were 

16 



Printed image digitised by the University of Southampton Library Digitisation Unit 



THE PRESENT INVESTIGATION: EXPERIMENTAL METHOD 



■unlikely to prove of much value, since, as has already been stated, a considerable 
amount of evidence exists to show that under these conditions compensatory 
responses may give an entirely unrealistic picture of general performance level. 

While compensatory responses are less likely to confuse the general picture in 
long duration tasks, these tasks have their own special difficulties. Performance 
scoring usually becomes complex and laborious. More important, subjects are 
very liable to become bored, especially if they are required to perform the task on 
several occasions, and boredom is as likely to introduce complications as are 
compensatory reactions. It was desirable, therefore, that the task to be used in 
this experiment should be of some intrinsic interest so that subjects could be 
expected to work for some time without boredom. It was finally decided that 
‘driving’ on the apparatus known as the ‘Miles Motor Driving Trainer’ provided 
the best compromise between a task at which performance could be scored 
adequately, and one which had the motivating capacity of a real-life situation. 

From the subject’s point of view the task was one of ‘driving’ a car along a 
rather winding country road; it proved interesting, and the subjects were willing 
to participate for the length of time required by the experimental design. The 
task was repetitive in that the subject drove round the same track many times in 
the course of a single trial, but its repetitive nature was not obvious to him. The 
subject was aware that he was driving round a continuous track but usually 
went round many times before realizing that he had negotiated a particular 
section before. The repetitive nature of the task had great advantages for scoring, 
as it meant that the objective task presented to the subjects was the same at all 
stages of the experiment. 

It is not claimed that the task is any more than a complex tracking task; it 
clearly differs in many ways from driving a real car on a real road. For example, 
because of the limitations imposed by the scoring system it was not possible to 
provide intersections, nor could obstructions or other traffic be made to appear 
■on the track. However, the basic skills required appear to be similar to those of 
driving, and it seems that considerable positive transfer of skill exists between 
driving a car and controlling this apparatus: drivers rated as good car drivers 
proved to be efficient on this apparatus, those having poorer ratings were less 
efficient, and non-drivers could not control it without a considerable learning 
period. 

For purposes of scoring performance, it would ideally have been desirable to 
instruct each subject to drive in a standard ‘correct’ manner. However, this 
procedure would have destroyed whatever apparent validity the task had, since 
for example in real driving, if one subject drives slightly nearer the left-hand 
kerb than another it is a matter of opinion whether or not his driving is better 
than the other’s. In order to make the general conditions correspond as far as 
possible to those of actual driving on a road, the subject was asked to drive as he 
normally would, and his performance without alcohol was used as the standard 
against which to measure his performance after each of the four alcohol doses. 

MEASURES OF PERFORMANCE 

The performance of the subjects at the task was measured in terms of elapsed 
time (giving a measure of speed), tracking error, kerb-bumpings, steering-wheel 
movement, accelerator movement, brake movement, and gear changes. (Further 
details axe given on p. 29). 
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APPARATUS 

The general layout of the apparatus is shown in Fig. 1. The subject sits in a 
darkened room in the Miles Motor Driving Trainer, a dummy car fitted with 
normal car controls and indicators, facing a translucent screen (Plate 1). Behind 
the screen there is a horizontal perspex disk mounted oil a vertical axis (Plate II). 
Outlined on the disk is a continuous winding road, which has a number of 
reasonably sharp comers; the road edges are marked by raised plastic strips. 




The equivalent length of the track is slightly more than one mile. The rest of the 
disk is painted green, for contrast, and model trees are scattered over it 
(Plate III). A small fixed lamp, placed immediately above the disk, and on a 
level with the driver’s eye, casts on to the screen a much magnified silhouette of 
that part of the disk (and the road) lying between the lamp and the screen. From 
his position, the driver has the impression of sitting in a car on a road surface. 

The disk is moved on the horizontal plane by an electric motor, through a 
friction gear-box, and as it moves the subject in the car has the impression of 
progressing along the road. The speed of the disk’s movement is controlled by 
accelerator, brake and gears, and the car is steered along the ‘road’ by the 
operating of the steering wheel, which rotates the disk in the direction required. 

With this equipment, then, it is possible to simulate driving along a road 
reasonably closely. The method used loses something in realism when compared 
with film projection techniques, but its advantage for this kind of experiment is 
that it allows far greater flexibility of response ; if the driver makes a sufficiently 
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big mistake in this apparatus he can ‘leave the road’ altogether. The apparatus 
has disadvantages in that the optical system does not permit very clear delinea- 
tion of the edges of the road, the lamp is always visible as a glow ‘ahead’ of 
the car, and shadows of supporting struts are cast periodically on the screen; 
the general impression is one of driving in twilight into a rather dim setting sun. 
Subjects very rapidly became used to these conditions, however, and did not 
appear to be worried by them once they had had a preliminary practice period. 

The apparatus was modified so that performance of the subjects could be 
recorded. The movements of the ‘car’ were indicated by recording the path 
taken by the projection lamp relative to the edge of the track. A sprung feeler 
arm was mounted on the lamp carriage, with an extension resting against the 
left-hand edge of the track (Plate IV). A nylon cord, anchored to the feeler arm, 
passed through a pulley system to the recording table where it was attached to 
the carriage of a moving pen. Excursions of the lamp laterally on the track 
moved the feeler arm nearer to or further from the lamp carriage; the recording 
pen followed these movements and drew a track on moving paper representing 
the resulting changes in distance of the car from the left-hand kerb. The paper 
was driven by shafting from the car drive so that its speed of movement was 
proportional to the speed of the car. 

A second moving pen recorded the angular extent of all movements of the 
steering wheel large enough to produce any change in the course followed by 
the car, that is to say, all movements of the steering wheel other than those 
which were made in taking up back-lash in the control mechanism. 

A third moving pen recorded all changes in the position of the accelerator 
pedal. A fly-wheel mounted on the apparatus gave some degree of ‘run-on’ 
after the pedal had been lifted, but apart from this, speed changes followed 
movements of the accelerator pedal pretty closely, so that the position of this 
pen gave a reasonably accurate indication of the speed at which the subject 
was driving. 

A further six pen recorders of the simple ‘on-off’ type were used to indicate 
on the moving paper the occurrence of various events. One pen recorded the 
occasions when the car bumped the side of the road, a second and third recorded 
gear changes and brake applications ; a fourth indicated the completion of each 
lap -ofhthe track and incidentally triggered a camera, which photographed 
counters ; aTifth pen recorded the passing of certain salient points on the track, 
such as the beginning and end of comers, so that it was possible to identify 
accurately the pari of the track over which the subject was ‘driving’, the sixth 
pen recorded seconds of time, from which a more accurate estimate of speed 
could be obtained where necessary. 

A continuous graphical record of many aspects of the subjects’ behaviour 
was thus obtained. To ease the labour involved in scoring such records, rotary 
counters were installed at appropriate points in the recording system linkages 
in order that scores (in arbitrary units) could rapidly be obtained of the 
excursions of the moving pens which were recording movement of the car, 
steering wheel, and accelerator pedal. Electro -magnetic relay counters were 
used to count time in seconds, changes in the direction of rotation of the 
steering wheel, and applications of the brake. All these counters were photo- 
graphed once each lap, using a Siemens 15 mm. single-shot electrically activated 
instrument camera. 
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These recording devices together gave a reasonably complete picture of 
accuracy and speed of ‘driving’, together with information about the W a* 
subjects manipulated the various controls. Subjects were aware that their tie 
formance was being scored, but did not know any details. The entire record 
apparatus was hidden behind the screen. 111116 



MEASUREMENT OE ALCOHOL CONCENTRATION IN THE BODY 

The main measures of alcohol concentration in the body were the concentrate 
in the blood and in the urine. In order that the curves of alcohol concentration 
in blood and urine could be accurately estimated over each experimental drivins 
session, it was desirable to take samples of both fairly frequently during the 
sessions. At the same time, however, it was undesirable to make excessive 
demands on the subjects and to break into the driving task too often. It was 
therefore decided to take the samples at half-hourly intervals during each two- 
hour session, during a break in the driving session of sufficient length for this 
purpose. Breath samples were also taken from some of the subjects during these 
breaks in driving, always within five minutes of the blood and urine samples 

Blood, urine, and— where appropriate— breath samples were taken as usual 
after the placebo dose, to prevent identification of this dose by the subjects to 
provide blank samples as controls for the analytic techniques, and to detect the 
presence of Ketone bodies, salicylic acid, and sugar. 

Blood samples were taken by the pin-prick method. Although the subjects 
did not like the procedure only one potential subject refused to take part in the 
experiments for this reason. 

Since only small quantities of blood can be obtained by the pin-prick method 
a microanalytic technique had to be used in estimating blood alcohol. This was 
the modified Cavett method recommended by Kent-Jones and Taylor (1954). 
Although a microscopic technique could obviously have been used with the 
urine samples, it was thought preferable to use the same technique as was used 
for blood to ensure the comparability of the findings. Adjustments had to be 
made to a small number of the 1230 blood and urine alcohol values obtained; 
six had to be discarded as obviously wrong; in eight cases the values for 
adjoining half-hour samples had to be reversed, since the shape of the curve 
indicated that a mistake had been made in sample identification. Missing values, 
50 in number, were estimated from the individual curves, or were allotted the 
appropriate group mean value. Where serum had to be analysed, due to clotting 
of blood samples, the result was reduced by one sixth. Negative values were 
taken as zero. Details of the breath analysis techniques employed are given in 
Appendix A. 



MEASUREMENT OF PERSONALITY 

A series of personality tests were carried out on each subject with a view to 
discovering whether individual responses to alcohol are related to personality 
characteristics. These tests were administered individually on the day when the 
subject came for the half-hour practice period that preceded the first experi- 
mental session. Tests measuring different dimensions of personality were 
included in the battery, since it was not clear which aspects were likely to be the 
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significant ones— though the literature suggested that introversion-extraversion, 
and the neurotic dimension were relevant. Some of these tests were of the 
questionnaire, ‘inventory’, type and some were performance tests. The tests used 

WerC (a) Minnesota Multiple Personality Inventory, giving measures of schizo- 
phrenia, psychasthenia, depression, psychopathic deviation, hysteria and 
hypomania. 

(b) Bernreuter Personality Inventory, Neuroticism Scale. 

(c) Rosenzweig Picture Frustration Scale, giving a rating of conformity to 
group standards and the direction of aggressive responses. 

(d) Maudsley Personality Inventory, giving measures of extraversion and 
neuroticism. 

(e) Porteus Mazes (1950), scored for speed/accuracy ratio to give a measure 
of extraversion (Foulds, 1951). 

(/) Triple Tester, giving a measure of level of aspiration (Himmelweit, 
1945). 

(g) Hand Steadiness, used as a measure of neuroticism. 

(h) size Constancy, used as an index of introversion-extraversion (Thouless, 
1932). 

(i) Body Sway test (Hull, 1933), used as an index of neuroticism (Eysenck, 
1952). 

(j) Reversible Figures, time for first reversal and rate of subsequent reversals, 
used as indexes of manic and schizoid tendencies (McDougall, 1926, and 
Guilford and Braly, 1931). 

The conditions of administration and scoring suggested by the various authors 
of these tests were rigidly adhered to. 

EXPERIMENTAL DESIGN 

In view of the known wide individual differences in response to alcohol it was 
necessary for each subject to be given all the alcohol doses in order to assess the 
effects on the group of the different doses. Moreover, it had been decided that 
each subject should serve as his own control without alcohol, i.e. that his per- 
formance after alcohol should be measured against his individual performance 
under no-alcohol conditions. This meant that each subject was tested on five 
separate occasions, after each of the four alcohol doses and after the placebo 
dose. 

Repetitive testing has special problems arising from the complicating effects of 
learning on the one hand, and boredom on the other. It has been seen that 
boredom was controlled as far as possible by making the task interesting. The 
pilot study had suggested that considerable practice effects were to be expected 
on the five driving trials, so that allowance had to be made in the main experi- 
ment for this. The fact that subjects were likely to improve with practice meant 
that the order in which the doses were given was important; the use of an ascend- 
ing order of dosage would mean that any deterioration due to increased alcohol 
might be obscured by improvement due to practice, and the use of a descending 
order of dosage, acting in the same direction as practice effects, might lead to an 
exaggerated picture of improvement due to decreased alcohol. It was therefore 
necessary to give the doses to the subjects in different orders. However, it was 
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also necessary to restrict the number of orders used so that in each case th 
number of subjects given the same order was sufficient to allow some asses™ 6e 
of individual differences to be made. ment 

These apparently conflicting requirements were met by a design in which th 
same 5x5 latin square was replicated eight times, using fresh subjects for ea h 
replication. With the restriction that each treatment appeared once only in eah 
column and row, the five doses were distributed randomly throughout the scum ™ 
The square is shown in Table 3 ; the code is : — 4 are ' 



Dose 0 
Dose 1 
Dose 2 
Dose 3 
Dose 4 



placebo control, no alcohol. 

0*20 grams alcohol per kilogram body weight. 
0-35 grams alcohol per kilogram body weight. 
0-50 grams alcohol per kilogram body weight. 
0-65 grams alcohol per kilogram body weight. 



TABLE 3 

Design of latin square 



Subject 


Day 

12 3 4 




Dose 


1 


3 4 0 2 


2 


4 3 10 


3 


10 2 4 


4 


0 2 3 1 


5 


2 14 3 



5 



1 

2 

3 

4 
0 



It will be noted that this square does not completely avoid repeated sequences; 
for example, dose 4 is immediately followed by dose 3 on three occasions. Where 
repeated sequences appear they have been examined carefully for possible inter- 
action effects; so far as can be seen these are negligible. 

When the first five subjects had had all five doses a new group of five subjects 
was given the same dose orders, then another, until the eight replications of the 
latin square had been completed. The fact that five different orders of dosage 
were used meant that the possibility of the mean alcohol effect being distorted 
by practice effects was minimized in each replication of the latin square; the 
repetition of each of these five orders on eight occasions meant that five groups 
of subjects were obtained within each of which individual comparisons could be 
made. Subjects 1, 6, 11, 16, 21, 26, 31 and 36, for example, all received the doses 
in the same order, and so their individual responses to alcohol could be 
compared. 

In order that sex differences might be evaluated, one of the replications of the 
latin square contained all the five women subjects. The male subjects were 
assigned to the remaining replications at random. 
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PROCEDURE 

F-ich subject was tested on one morning a week for five consecutive weeks. 
During the week preceding the first of his experimental trials each subject was 
allowed to practice for 30 minutes on the apparatus, to enable him to become 
familiar with it. No alcohol was given, but blood samples were taken to accustom 
him to the technique in order to avoid possible complications arising from 
aourehension of the procedure during the first experimental trial. 

Only one test series was held on each day throughout the experiment. The dose 
was always given at the same time, at 10 a.m.; this time was chosen to ensure 
that the blood alcohol level would have fallen to an insignificant level by 
5 30 p m when the subjects had to travel to their homes. 

' To keep all factors as constant as possible, each subject was tested not only at 
the same time of day, but on the same day of the week for each of his five trials. 
Thus subject 1, for example, was tested from 10 a.m. to 12.30 p.m. each Monday 
for five weeks,’ subject 2 was tested on Tuesdays, and so on. This schedule was 
adhered to throughout the experiment with a few minor alterations necessitated 

by illness, etc. ... , , 

'The condition of the stomach when alcohol was administered was kept as 
constant as possible. Subjects were asked to take breakfast approximately 2 to 
2i hours before testing began and to keep it as fat-free as possible. They were 
also asked not to drink alcohol on the previous evening and to report if they 
felt unwell or had had disturbed sleep. It was necessary to postpone only two 
tests for such reasons. 

The daily experimental procedure was as follows. The subject, having previ- 
ously been" weighed, was first asked to give a urine sample.* This was used 
mainly to check that no alcohol remained from the previous night, though it also 
provided a check for the presence of ketones, etc., as already mentioned (p. 20). 
He was then given his drink containing the alcohol dose appropriate to the trial, 
and allowed 10 minutes in which to finish it. He was encouraged to drink 
steadily, but most subjects disliked the taste of the drinks and tended to drink 
slowly. At the end of a further 10 minutes the subject entered the apparatus and 
was instructed to ‘drive’ as he normally would if driving a real car on a road. He 
was further instructed not to stop, unless an emergency arose, until told to do 
so. The experimenter then withdrew and the subject, alone in the room, began 
to drive. After 20 minutes (i.e., 30 minutes after finishing the drink) he was 
directed to stop and to leave the apparatus. After his hand had been warmed, 
cleaned and sterilised, a blood sample was taken. A urine sample was then 
obtained, and, where appropriate, a breath sample also. All samples were 
obtained within a 10-minute period, at the end of which the subject re-entered 
the apparatus and continued to drive for a further 20 minutes. The sampling 
procedure was then repeated. Samples were thus taken at 30, 60, 90 and 120 
minutes after drinking. In a few cases further samples were taken during a period 



* It win be noted that the alcohol doses were taken after the bladder had just been emptied. 
To investigate the effect of this on concentration of alcohol in the urine a subsidiary series of 
experiments was conducted after the main experiments were completed, using some of the 
same subjects; in these subsidiary experiments the alcohol doses were taken when the bladder 
had not just been emptied. The ratio of blood alcohol to urine alcohol was not found to be 
very different (see Appendix A). 
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° f four hours after driving stopped, i.e., up to six hours after drinking. After the 
subject had left, the blood and urine samples were packed and despatched for 
analysis; except on rare occasions, they were analysed within 24 hours of 



Results 

The alcohol concentrations in blood and urine obtained after ingestion of 
the foui doses of alcohol will be presented first, and then the performance 
levels accompanying the blood alcohol concentrations will be given. The 
performance changes will be discussed first in terms of group effects; individual 
differences win then be outlined; and finally, the relationship between these 
individual differences in response to alcohol and other personal characteristics 
will be examined. 



ALCOHOL CONCENTRATION 
Blood Analysis 

The blood alcohol concentrations for each subject at four half-hourly intervals 
after the ingestion of each dose are given in Appendix C (Table C 1). 

As already mentioned, the four alcohol doses were chosen to provide reason- 
ably equal steps in peak blood alcohol concentration between the zero concen- 
tration of the control and a maximum of less than 100 mg% for the largest dose 
(see p. 16). The mean and standard deviation of the actual concentrations 
obtained from each dose are given in Table 4. Individual differences in 
absorption rate and the limits of accuracy of analysis combine to make the 
standard deviations large compared with the means for the low concentrations. 



TABLE 4 



Mean blood alcohol levels and standard deviations at four different times after 
drinking , for four doses 





Blood alcohol (mg %) 


Dose 






Time after drinking (min) 










30 




60 


90 




120 






Mean 


S.D. 


Mean S.D. 


Mean 


S.D. 


Mean 


S.D. 


I (0-20 g./Kg.) . 


23 


10 


19 9 


13 


8 


6 


5 


2 (0 -35 g./Kg.) . 


36 


15 


37 10 


30 


9 


20 


9 


3 (0-50 g./Kg.) . 


58 


14 


59 11 


51 


12 


39 


10 


4 (0-65 g./Kg.) . 


74 


19 


77 12 


71 


14 


62 


15 
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While the means for these low concentrations are therefore only suggestive, 
those for the larger concentrations are relatively reliable. It will be observed 
that the highest blood alcohol levels obtained for the four doses were roughly 
20, 40, 60 and 80 mg % ; the doses used have therefore been effective in producing 
concentrations normally regarded as low or ‘safe’. The size of the standard 
deviations implies that the technique of adjusting the absolute quantity of 
alcohol given to a subject to his total body weight produces reasonably consistent 
blood alcohol values among the subjects. 

Table 5 gives the mean peak values for blood alcohol in this experiment and 
those predicted from Widmark (1932) and Goldberg (1951). These mean values 
(and the mean times of peaking) for both blood and urine alcohol levels were 
obtained by averaging the peak values and peaking times obtained from the 
‘best fit’ curves of the individual subjects. 



TABLE 5 



Comparison of the peak bloocl alcohol levels in the present experiment with some 
predicted from the results of previous investigations 



Source 


Peak blood alcohol level (mg %) 


Dose 1 


Dose 2 


Dose 3 


Dose 4 


Present experiment 


26-3 


43-1 


64-4 


85-8 


Predicted from Widmark 


31-8 


55-6 


79-5 


103-7 


Predicted from Goldberg 


36-2 


53-6 


71-0 


88-4 



It can be seen from Table 5 that the peak values in this experiment are below 
those expected from both Widmark’s (1932) and Goldberg’s (1951) calculations, 
though the differences between them and Goldberg’s figures are small. As 
Goldberg s concentrations were higher than those of the present experiment a 
difference might be expected; Goldberg has shown that the concentration in 
which alcohol is administered tends to affect the peak value, higher concentra- 
tions tending to produce higher maxima on typically spiky shaped curves whereas 
lower concentrations have lower maxima on more rounded curves. 

The rise and fall of mean blood alcohol concentration for each of the four 
experimental doses is shown in Fig. 2. The points plotted represent the mean 
concentrations for the group at the four 30-minute intervals after drinking. For 
each dose, the concentration of alcohol in the blood rises steeply to reach a 
maximum between 30 and 60 minutes after drinking. The fall-off is fairly linear 
once the peak has been passed. To see whether this linearity persisted measure- 
ments were taken up to six hours after drinking for some of the subjects. It can 
be seen from Fig. 2 that the concentration following the smallest dose had 
alien to near zero by two hours; the additional measurements showed that 
dose 2 reached this point at about four hours, dose 3 at rather over five 
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hours, and that at six hours dose 4 still gave a mean concentration of 20 m» 0/ 
Once the peak had been passed blood alcohol levels fell, on the averaae hv 
approximately 16 mg% per hour. s ’ y 




Fig. 2. Mean blood alcohol at four different times 
after drinking, for four doses. 



Thecurves in Fig. 2 suggest that the peak occurs later with increase in size of 
dose. That this later peaking is a real phenomenon is shown in Table 6 which 
gives the mean tune of peaking for each dose together with the standard 
deviation. The maximum concentration resulting from the largest dose occurs 
nine minutes later than that from the smallest dose. 



TABLE 6 



Mean peaking times of blood alcohol for the four doses 



Dose 


Peaking time 
(min after drinking) 


S.D. 


1 


33-0 


10-85 




39-0 


13-09 


3 


41-0 


12-26 


4 


42-0 


11-85 



average time taken to reach the maximum concentration ranged from 
li to 63 minutes in different individuals, and subjects tended to be consistent 
fiTu 1 " th ® , r doses ln Peaking either early or late with respect to the median. 
When the observed and expected frequencies of early and late peaking were 
-ompared, this tendency was found to be significant (by chi-square P<-001). 
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The faster the alcohol is absorbed into the blood stream, the earlier the maximum 
blood alcohol level is reached for a given dose; and since an earlier peak allows 
less time for the alcohol to disappear through metabolism it will be expected 
that the earlier the peak is, the higher it will be. These data show a trend in this 
direction, early peaks being, on the average, slightly higher than the later ones, 
but the relation here is not statistically significant. Two of the subjects had 
markedly late and low peaks. 

The women subjects (No. 16-20) tended to have peaks consistently higher 
than those for the men; this was probably because women have a greater amount 
of fatty tissue which does not absorb alcohol. 

The blood alcohol curves given in Fig. 2 are based on the mean concentrations 
at the four times of sampling, and in effect they mark the terminal points of the 
changing concentrations affecting the subjects during each 20-minute driving 
period. The performance figures to be given later are, however, the means for 
these periods. Therefore, to obtain a slightly closer approximation to the 
effective concentrations during driving, the mean blood alcohol level at the mid 
point of each driving period was estimated. The values are graphed in Fig. 3. 




Fig. 3. Mean blood alcohol in successive driving 
periods, for four doses. 



Urine Analysis 

The rise and fall of urine alcohol concentrations following the various doses 
are shown in Fig. 4. The individual urine alcohol values of the subjects are given 
in Appendix C (Table C2). 

The general shapes of the curves are similar to those for blood alcohol, and 
the rate of fall-off was again linear. Samples taken up to six hours after drinking 
confirm this. By that time the concentrations resulting from the two smaller 
doses had been reduced to zero, but a measurable quantity, from 10-30 mg%, 
remained from the two larger ones. 
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Fig. 4. Mean urine alcohol at four different times 
after drinking, for four doses. 



The urine alcohol peaks, however, were found to be higher than those for 
blood alcohol; they were also later. Table 7 gives the mean peaking times, 
calculated as described on p. 25, for the four doses; the peak concentrations 
were reached 20-25 minutes later than those in the blood. 



TABLE 7 

Mean peaking times of urine alcohol for the four doses 



Dose 


Peaking time 
(min after drinking) 


S.D. 


1 


53-88 


14-87 


2 


60-5 


14-0 


3 


62-13 


14-2 


4 


67-25 


12-85 



As in blood alcohol, there is a tendency for peaks to occur later after larger 
doses Individual differences in average peaking time ranged from 39-88 minutes 
alter drinking. The same two subjects again had later and lower peaks, and the 
women subjects again showed higher values than did the men. 

The relationship between alcohol concentration in blood and urine is discussed 
™ A PP en dix A, where estimates of blood alcohol concentration obtained from 
different methods of breath analysis are also evaluated. 
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PERFORMANCE 

For each performance measure a mean score per lap was computed for each five- 
minute driving period. These five-minute scores were then summed for each 
twenty-minute driving period. 

The performance measures were: 

(a) Elapsed time (seconds), giving a measure of speed. 

(b) Extent of tracking error (arbitrary distance units;. The score represents 
the sum of the heights of the curves traced by the car whenever it was 
travelling transversely to the kerbs. (A zero score would represent no 
lateral deviation from a course parallel with the kerbs.) 

(c) Kerb-bumpings (number) : collisions with the left-hand boundary of the 
road. 

(d) Extent of steering-wheel movement (arbitrary distance units). The 
score represents the sum of the angular distances through which the 
wheel was rotated. 

(e) Reversals of direction of the steering-wheel (number). The score 
represents the number of reversals in the direction of rotation of the 
steering-wheel. This was subdivided into: 

(1) Effective reversals: those followed by rotations large enough to 
produce a change in the course followed by the car. 

(2) Ineffective reversals : those followed by rotations not large enough 
to change the course of the car. 

(/) Extent of accelerator pedal movement (arbitrary distance units). The 
score represents the sum of the distance through which the pedal was 
moved on each acceleration or deceleration. 

( g ) Application of the brake (number). 

(h) Gear changes (number). 

The scores for speed, tracking error, extent of steering wheel movement, 
total reversals of the steering-wheel, extent of accelerator pedal movement, and 
application of the brake were derived from the counter readings, which were 
photographed once each lap, and the scores for the other measures from the 
graphical recordings. Certain additional measures of steering accuracy were 
also obtained by detailed analysis of the graphical record. 

Individual scores for (a), ( b ) and (e) are given in Appendix C (Tables C3-C7). 
Since not all the data were suitable for parametric methods of analysis, it was 
decided to use a non-parametric method to test the significance of the alcohol 
effect on each performance variable. 

Each of the eight latin squares constitutes in effect a complete experiment by 
itself, so that an estimate of significance can readily be made by first ranking 
for each latin square the totals of the performance scores at the five dose levels 
and then applying Friedman’s two-way analysis of variance of ranked data 
(Siegel 1956) to these values. This method was employed except in cases where 
results were only sampled; here ‘Student’s t’ test was used. 

In addition to the ranking analysis, analysis of variance was made of the 
actual scores for those performance measures where the assumptions underlying 
the use of the technique could be met. Summary tables of the main points of 
this analysis are given in Appendix B (Tables B1-B6). In these tables the 
significance of the effects of factors other than the alcohol doses (practice, as 
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measured by trial order, and individual subject differences) can also be seen. 
Taking the 5 per cent level of confidence as the criterion of significance, there 
were no cases in which the two methods gave contradictory results. The greater 
sensitivity of the analysis of variance method, however, tends to give higher 
levels of significance to the ‘dose’ effects than those obtained by the ranking 
procedure. 



Practice Effects 

A difficulty with much previous work on alcohol has been that practice effects 
have not been considered. The latin square design used here was intended to 
balance out such practice effects. An estimate of the effect of practice on any 
performance measure is obtained by comparing the mean scores for each 
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successive day. For six of the measures the percentage differences from the 
scores of the first day are shown in Fig. 5 from which it will be seen that the effect 
varies considerably for different measures. 

In general, increasing the speed of driving tends to increase tracking error 
(the correlation between error and speed is + 0 ■ 39 P< • 001). However it will 
be seen from Fig. 5 that although subjects drive faster on successive trials, there 
is not a corresponding increase in tracking error. This suggests that there is 
actually an improvement in tracking performance with practice which is counter- 
balanced by a speed increase. When the error scores are adjusted for speed 
some practice effect appears, though it is not a large one. 

The breaks in the driving session for blood sampling had a considerable effect 
on performance, producing a temporary reversal of the trend shown during each 
period. These effects are shown in Fig. 6 for time per lap and in Fig. 7 for 
tracking error. It will be seen that while the general tendency is for speed to 
increase (reduced time per lap) during each period, it is reduced immediately 
following each break. The trend for error is in the same direction. During each 
period error increases and each break is followed by a partial recovery. The 
increase in error during each period, which is present even without alcohol, 
tends to become more pronounced with increasing size of the alcohol dose. 

Accelerator pedal movement shows a very large practice effect. This is in part 
due to subjects learning that it is in fact unnecessary to change to a lower gear 
even on the sharper comers. 




Fig. 6. Mean time per lap (driving speed) at different times after drinking, for four doses 
of alcohol and control dose. 
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A practice effect in the steering-wheel movement score appears as a reduction 
in the amount of movement both throughout the five trials and during any one 
trial This effect, separated out for the different alcohol doses, is shown in Fig. 8. 
The breaks in a driving session do not affect the tendency towards reduction of 

movement. 

The number of reversals of the steering-wheel also shows a pronounced 
practice effect in the direction of a reduction in number of reversals both 
throughout the trials and during any one trial. 

Alcohol Effects 

Alcohol effects will be considered in relation both to the ingested dose and to the 
blood alcohol concentration. It is clear that there is a general relationship 
between these two measures of alcohol such that the greater the quantity of 
alcohol ingested the greater will be the resultant blood alcohol concentration, 
though the closeness of the relationship is dependent on the factors discussed 
in the Introduction. In the present experiments these factors were kept constant, 
so the relationship between dose ingested and mean blood alcohol level is very 
close. This relationship can be seen from Fig. 9 which shows the mean peak 
blood alcohol level for each ingested dose. 




Fig. 9. The relation between mean peak blood alcohol and 
ingested alcohol. 



In setting out the effect of alcohol on the performance measures, accuracy 
of performance will be considered first, then speed of performance, and nna y, 
operation of the driving controls. In each case the relation between performance 
and ingested dose will be considered; and in the case of the main performance 
measures the change in performance with the rise and fall of blood a co o 
level will be considered. 
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Changes in Accuracy of Performance 

Tracking error. The mean tracking error for the control dose and the four 
doses of alcohol is shown in Fig. 10. The alcohol effect is significant at better 
than the 5 per cent level of confidence (Friedman’s test). 

Adjustment for the regression of error on speed makes very little difference 
to the shape of the curve. Dose 3 produced much the same error as dose 4 ; it 
also produced some high individual blood alcohol levels which resulted in a 




Fig. 10. The relation between mean tracking error and ingested 
alcohol. (Each point is the mean of four driving period mean 
scores.) 



TABLE 8 

Mean tracking error in successive driving periods after drinking , for 
five doses 



Driving 

period 




Tracking error (arbitrary units) 




Dose 0 
(Control) 


Dose 1 


Dose 2 


Dose 3 


Dose 4 


1 


226 


223 


229 


236 


233 


2 


221 


232 


232 


244 


244 


3 


228 


234 


236 


250 


257 


4 


232 


231 


244 


253 


249 


Session 












mean 


227 


230 


235 


246 


246 
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the present investigation: results 
TABLE 9 

Mean tracking error, adjusted for regression of error on speed, in successive 
driving periods after drinking, for five doses 



Driving 

period 


Tracking error (arbitrary units) 


Dose 0 
(Control) 


Dose 1 


Dose 2 


Dose 3 


Dose 4 


1 


236 


228 


236 


244 


240 


2 


224 


231 


230 


246 


245 


3 


227 


230 


230 


247 


255 


4 


229 


227 


237 


245 


246 














mean 


229 


228 


233 


246 


247 



particularly high mean error score for this dose. The alcohol performance curve 
therefore tends to be straightened when the dose scale is replaced by a blood 
alcohol level scale (see Fig. 15). 

It has been noted that, after drinking, the blood alcohol concentration rises 
steeply to a maximum, and then returns slowly to zero. Changes in tracking 




Fig. 11. Mean tracking error (difference from 
control) in successive driving periods, for four doses 
of alcohol. 
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error after drinking show a similar pattern with time, and this is even more 
marked when speed changes are allowed for. 

The mean tracking error scores for each dose in each of the four 20-minute 
driving periods are given in Table 8. Table 9 gives the same scores adjusted for 
changes in driving speed. By expressing the dose error figures in Table 9 as 
differences from the control error figures, the picture given in Fig. 1 1 is obtained. 
In this figure control performance should be envisaged as a horizontal line. 

It will be observed that Doses 1, 2 and 3 produce a deterioration in perform- 
ance which reaches a maximum in period 2, that is, between 30 and 60 minutes 
after drinking. Thereafter performance begins to improve towards the no- 
alcohol level. Dose 4 produces a deterioration which continues into period 3 
before improvement begins. During period 3 for this dose, the average increase 
in error for all subjects, over their no-alcohol performance, is just under 30 points, 
that is about 12 per cent. At the end of two hours the error scores were still 
some 8 per cent higher than with no-alcohol. 



It is necessary to consider the relation between change in error and change in 
alcohol concentration with time. Inspection of the data suggested that the 
maximum error was reached between the peaking times of blood and urine 
alcohol and, therefore, that blood alcohol concentration reflects a subsequent 
performance level and urine alcohol concentration reflects a preceding perform- 
ance level. This supposition was checked by using a lag correlation technique*. 
This method expresses the degree of relationship between two variables which 
are separate in time. It has been shown above, for example, that the concentra- 
tion of alcohol in urine reflects not so much the concentration in the blood at the 
same time, but rather the concentration which was in the blood at an earlier 
tune m this case approximately 20 minutes earlier. Error changes were, therefore 
correlated both with blood and with urine alcohol concentrations, with the 
alcohol concentrations being moved along a time base relative to the error score 
and re-correlated at each point. Five-minute intervals were chosen and a table 
ot correlation coefficients resulted. These are plotted in Fig. 12. 

Though there are differences between doses, in general the highest correlations 
between blood alcohol and error change occur when the blood alcohol value is 
correlated with the error score some ten minutes later. Conversely, the best 
,!m! e + n COh0 ' eiTOr correlatlons obtain when the urine alcohol value is correlated 
wn, M 6 £r T score . some ten mmutes earlier. Thus, blood alcohol changes 
would seem to anticipate the behaviour changes which will take place some 
ten minutes or so later, while urine alcohol reflects what behaviour was some 
ten minutes or so earlier. 



However, notwithstanding the time lag, the similar way in which all these 

urinTconcentmt ' ^ ^ ^ 13 ’ su ^ sts ** ™an blood and 

unne concentrations are good indicators of mean performance. In this figure the 

average error for each driving period for the largest dose is sho^ together w^th 
the blood and unne alcohol values for the mid-point of each period (The urine 
vahies have been reduced by one-fifth to make them comparable with the blood 

view of the cai " »*» skss 
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Fig. 12. Lag correlation coefficients between mean tracking error (differences from control 
scores) and mean blood alcohol, and between mean tracking error and mean urine alcohol, for 

four doses. 




Fig. 13. The rise and fall of mean blood alcohol, mean urine 
alcohol, and mean tracking error (difference from control) for 
Dose 4. (Urine alcohol values have been reduced by one-fifth.) 
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The possibility that blood alcohol level is a good indicator of performance is 
of interest in view of the reports of previous investigators that the effect of a 
given blood alcohol concentration is different at different times after ingestion. 
Because the test ends before the blood alcohol has dropped very markedly, it is 
not possible from these scores to say with any certainty whether error scores 
recover more quickly than blood alcohol level drops. It is possible, however, to 
observe the relationship between blood alcohol level and performance separately 
for each of the four driving periods, and thus to compare the effect on perform- 
ance of any given blood alcohol level at different times from ingestion. These 
relationships are illustrated in Fig. 14. In this figure, for all doses, tracking error 




(expressed as the difference between control and alcohol performance adjusted 
for speed) is plotted against blood alcohol for each period. Over the four first 
driving periods the increase in tracking error with increase in blood alcohol is 
less marked than is the case with the later periods. Nevertheless, the regression 
slope of mean tracking error on mean blood alcohol level for the first period is 
not significantly less than that for any of the other periods, so the overall relation- 
ship has been expressed by one slope fitted to all the means, as shown in Fig 15 
(the slope has been adjusted to pass through 0/0). It will be seen from this figure 
that mean accuracy of tracking decreases progressively as blood alcohol level 
increases, even at these low concentrations. It appears that, if there is a ‘threshold’ 
concentration below which performance is unaffected, it will be below the level 
obtained from the lowest dose used in this experiment. 
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Fig. 1 5. The regression of mean tracking error (difference from control) 
on mean blood alcohol. (Dose symbols as in Fig. 11.) 



‘Kerb-Bumpings’. The method used for scoring tracking error took account 
only of the amount of deviation and not of its direction, but deviations to the 
left of the track were more serious than deviations to the right since relatively 
small swings to the left could result in collisions with the raised edge of the road 
or, in some cases, in the ‘car’ running off the road altogether. Subjects were 
actively discouraged from making this error, as a collision at speed was liable to 
put the projection system out of adjustment, but in spite of this, and in spite of 
the fact that a loud buzzer sounded if the ‘kerb’ was brushed, some subjects did 
suffer such collisions. It was possible to record these collisions, and so to use them 
as another measure of error; the total number for each dose and driving period 
is given in Table 10, and in Fig. 16 the numbers are given as differences from 
no-alcohol performance. 

It will be seen that there is a tendency towards a higher number of collisions 
with increase in size of alcohol dose (Friedman: P<c *01 and for the frequency 
(difference from control performance) to rise and fall with time approximately 
in step with the rise and fall of blood alcohol. 

Subsidiary measures of accuracy. The tracking error measure discussed so far 
in this report is a fairly crude one, as it simply totals the extent of lateral deviation 
of the ‘car’ across the road surface. Nevertheless, a relation has been shown to 
exist between the extent of such deviation and the level of blood alcohol, and 
the two have been shown to vary in time in a similar way. It is possible from this 
to say that subjects become less efficient with alcohol but not to say precisely in 
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TABLE 10 

Total numbers of ‘ kerb-bumpings' for 40 subjects in successive driving periods 
after drinking, for five doses 



Driving 

period 


Kerb-bumpings (No.) 


Dose 0 
(Control) 


Dose 1 


Dose 2 


Dose 3 


Dose 4 


1 


68 


64 


97 


59 


86 


2 


32 


68 


79 


75 


112 


3 


51 


58 


87 


58 


93 


4 


58 


65 


87 


68 


68 


Session 

total 


209 


255 


350 


260 


359 




Fig. 16. Kerb bumpings (difference from control) 
in successive driving periods, for four doses of 
alcohol. 

what ways they do so. To obtain some indication of the latter, two other 
measures of tracking have been examined. These relate to ‘usual’ positioning of 
the car relative to the left-hand side of the road (examined on a sample of 10 
subjects using doses 0, 2 and 4 only) and the ‘consistency’ of positioning at a 
particular comer (for all subjects and doses). The consistency measure was based 
on that used by Lewis (1951), who showed that it was a sensitive measure of j 
driving ability. He found that although highly skilled drivers (i.e., police drivers) 
differed from one another in the way in which they manipulated a particular 
comer, the performance of each individual was remarkably consistent through- 
out a series of trials; each man, that is, had a characteristic ‘style’, almost as 
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individual as hand-writing, which showed itself on each occasion. Less skilled 
drivers showed much greater variability. The purpose of the present analysis was 
to determine whether there was any change in the consistency with which a 
particular corner was tackled after the ingestion of alcohol. 

(a) Car positioning. The width of the road was divided into five equal sections. 
No. 1 was a strip bordering the left-hand kerb, No. 3 was the crown of the road, 
and No. 5 the extreme right-hand side. Three measures of car positioning were 
used, the frequency of entry from any strip to another (indicating the amount of 
lateral movement), the proportional distance travelled in each strip, and the 
average distance travelled in each strip per entry. Each of the measures was 
calculated for the entire 2-hour driving session and averaged on a lap basis. 

There is an increase with increasing doses of alcohol in the mean frequency of 
entry into the various strips. The increase over the control score is significant 
for dose 4 (Student’s t: P <-05). This increase would be expected from the 
increase in tracking error discussed earlier. 




Fig. 17. The percentage distance travelled in each of the five 
road strips, for two doses of alcohol and control dose. 



The distance travelled in each strip per lap is expressed as a percentage of the 
total lap distance. The percentages are shown in Fig. 17. It will be observed that 
under control, no-alcohol, conditions subjects drive to the left of, or on, the 
crown almost all the time. Less than 6 per cent of the total distance is spent on 
the right of the crown. The distribution, therefore, is highly skewed. Both alcohol 
doses produce a shift towards the right-hand side, with a less skewed distribution. 
The mean shift is significant (Student’s t: P < • 05) for both doses; the effect of 
dose 4 is not significantly greater than that of dose 2. The effect of alcohol here 
seems to be a general tendency for subjects to move over towards the right-hand 
side of the road, but this effect is not increased in proportion to the increase in 
dosage. 
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The 2-hour means for the distances travelled in each strip per entry are pre- 
sented in Fig. 18. Under no-alcohol conditions, subjects tend to remain for fairly j 
long distances on the left-hand side of the road. If they swing over to the right, I; 
they correct very rapidly back to the left again. As can be seen from this figure, \ 
the distance they travel per entry on the right-hand strip (strip 5) is less than ! 
one-tenth of the distance they travel on the extreme left-hand strip (strip 1). 
After alcohol, however, swings to the right tend to go uncorrected for longer j 
periods, and the subjects tend to swing away from the left-hand side rather 
sooner. Both of these tendencies are statistically significant for dose 4 (Student’s 
t: P < -02). 




Strip I Strip 2 Strip 3 Strip 4 Strip 5 

LEFT CROWN RIGHT 



Fig. 18. Mean distance travelled in each of the five road strips per 
entry, for two doses of alcohol and control dose. 

To summarize : — After the control dose subjects tend to drive on the left-hand 
side of the road, to remain on that side for relatively long periods, and rapidly 
to correct swings to the right by moving back to the left-hand side. The effect of 
alcohol is to produce an increase in lateral movement and a shift of the mean 
position away from the left-hand side towards the crown of the road; with the 
higher blood alcohol concentration there is an increasing tendency to tolerate 
swings to the right, and to avoid approaching the nearside kerb too closely. 

(b) Consistency. After a preliminary exploration with a sample of records, it 
was decided to analyse the behaviour of all subjects in tackling a rather difficult 
double bend in the track. Seven equally spaced sampling points were chosen 
before and on the bend, and the distance of the car from the left-hand kerb was 
observed at each of these points for the first six successive laps in driving period 2, 
under each dose condition. Thirty-five subjects were used, the graphical records 
of the other five being insufficiently clear for this purpose. (A similar analysis 
was made of steering wheel movement. The results of this are described in more 
detail later). 
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The ranges of the distance from the left-hand kerb at the seven different points 
were examined, and as it was found that these ranges showed similar changes 
with alcohol, they were averaged to obtain a mean consistency score for each 
dose. These means are given in Table 11, from which it will be seen that in 

TABLE 11 



Mean consistency score ( car-positioning ), for five doses 





Distance from kerb (arbitrary units) 


Dose 0 
(Control) 


Dose 1 


Dose 2 


Dose 3 


Dose 4 


4-8 


5-08 


5-63 


5-78 


5-53 



general the score rises as the dose increases. A higher score means less consist- 
ency. The alcohol effect is significant (Friedman: P < -001). The effect of 
alcohol, that is to say, is to make subjects significantly less consistent in their 
positioning of the car when negotiating the same comer on successive occasions. 

Changes in Speed 

Speed was measured by time in seconds per lap, and will be expressed in this 
form. As the task was a self-paced one, allowing a considerable range of speeds, 
it was expected that there would be considerable variability, not only between 
subjects, but also within any one session. This turned out to be the case. 

The effect of alcohol on mean speed is not significant (Friedman: P >-05). 
The trend in mean time per lap is plotted against alcohol dose in Fig. 19. 




Fig. 19. Mean driving time for four doses of alcohol. (Each 
point is the mean of four driving period mean scores.) 



Although the alcohol effect is not significant the variance of the scores is greater 
for the larger doses of alcohol. Such an effect could be produced by random 
fluctuations in subjects’ speed from dose to dose, the more marked changes 
occurring with the larger doses, or it could be the result of some subjects speeding 
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up consistently with increasing doses of alcohol and some slowing down. It was 
shown (by a standard analysis of variance test between regressions) that some 
individuals consistently speed up with increase in alcohol dose, and some con- 
sistently slow down. These individual differences will be discussed later. 

Oscillation in speed within any one lap is shown by the accelerator pedal 
movements, since the speed of the machine followed accelerator pedal move- 
ments very closely. These scores show an extremely skewed, almost J-shaped, 
distribution. The alcohol effect is not significant (Friedman: P>-05). It has been 
pointed out earlier that the accelerator movement scores show a very marked 
practice effect: it may be that such practice effects are swamping possible 
alcohol effects. 

Increasing doses of alcohol therefore have no clear effect on the speed of the 
.group as a whole, but this is to some extent accounted for by the fact that some 
subjects speed up consistently and others slow down. 

Changes in Movements of the Controls 

Apart from accelerator-pedal movements which have already been discussed, 
the only measures of control movement which were analysed in detail were 
those of steering-wheel operation. Brake and gear movements proved unsuitable 
for analysis as subjects learned very rapidly that it was not necessary to use the 
brake, and that the gear lever need only be used when starting from rest. Only 
■a few subjects continued to use the gear-box once they had the machine in 
motion. Too few scores are therefore available for these two controls to warrant 
further analysis. It was noted, however, that a few subjects, when bringing the 
car up through the gears to working speed from rest, found the task of correctly 
positioning the gear lever more difficult following ingestion of the larger doses. 
As a result, smooth getaways tended to become less certain. Occasionally, a 




Fig. 20. Mean extent of steering-wheel movement for four doses 
of alcohol. (Each point is the mean of four driving period mean 
scores). 
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subject failed to notice that he had engaged the wrong gear, and attempted to 
reach his desired speed by excessive acceleration in a lower gear. 

Two measures of steering-wheel movement were used; total extent of move- 
ment, and number of reversals of direction of the wheel. 

Total extent of steering-wheel movement. The performance means are plotted 
against ingested alcohol in Fig. 20 (for details of scoring see p. 29). The alcohol 
effect here is highly significant (Friedman: P< • 001) and there is a suggestion that 
the relationship between steering-wheel movement and alcohol dose is curvilinear. 
The average extent of steering-wheel movement made in each period is given in 
Table 12. 



TABLE 12 

Mean steering-wheel movement in successive driving periods after drinking , for 

five doses 




DRIVING PERIOD 



Fig. 21. Mean extent of steering-wheel movement 
(difference from control) in successive driving periods, 
for four doses of alcohol. 
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In Fig. 21 the mean differences in steering-wheel movement from control 
scores are plotted for each driving period for each dose. The rise and fall in the 
blood alcohol level is not so clearly reflected by the steering-wheel movement 
score as it is by tracking error. In particular, there is a disproportionately large 
increase in steering-wheel movement after alcohol in the first driving period. 
(Fig. 8 shows that this increase is already noticeable in the first five minutes 
of this period.) It will therefore be expected that the relation between mean blood 
alcohol level and mean steering-wheel movement will vary with time after 




Fig. 22. The relation between mean extent of steering-wheel movement 
(difference from control) and mean blood alcohol in successive driving 
periods. (Dose symbols as in Fig. 21.) 



drinking. This is illustrated in Fig. 22. The greatest effect is apparent over the 
four first driving periods, where an increase in blood alcohol results in the steepest 
increase in steering-wheel movement, the slopes for the four second, third, and 
fourth periods being rather more similar to each other. Because of this variation 
with time it is not appropriate to express the relationship between blood, alcohol 
level and steering-wheel movement by a single function as is the case with 
tracking error. 

Steering-wheel movement and tracking error are necessarily related, since 
the path of the ‘car’ is controlled only by movements of the steering-wheel. 
In Fig. 23 mean steering-wheel movement has been plotted against mean 
tracking error for control and for alcohol (all four doses combined). It can be 
seen that least error is caused by a medium amount of movement. Smaller and 
larger amounts produce more error, that is, a decrease in efficiency. With alcohol, 
subjects not only make larger amounts of movement than they do without but 
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the amount of error associated with any given amount of movement is larger. A 
possible explanation is that the subjects misjudge the appropriate time at which 
to begin turning the steering-wheel. 




Fig. 23. The relation between mean tracking error 
and mean extent of steering-wheel movement for four 
alcohol doses combined and control dose. 



With this machine, as with a real car, it is necessary to begin steering-wheel 
movements before a corner is actually reached. The records of 20 subjects for 
the whole session were analysed for the amount of anticipation of a double- 
bend corner under no-alcohol and dose four conditions. The results are given in 
Table 13 in terms of the distance from the corner (in arbitrary units) at which 

TABLE 13 

Mean anticipation of one corner under no-alcohol and alcohol conditions 





No. of 


Mean distance from 
comer at beginning 




Dose 


laps 


of response 
(arbitrary units) 


S.D. 


Control • 


909 


8-799 


1-887 


Dose 4 • 


854 


8-685 


2-232 
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the initial response to it was made. Though the mean timing of the response to 
this corner was hardly altered, variation about this mean increased. This was 
shown by an increase in the standard deviation. 

This suggested that timing of initial response to this corner was affected; it 
seemed likely that, if this were so, the timing of the steering-wheel responses 
immediately following this response would also be affected and that this would 
be reflected in the consistency of steering-wheel movement. 

Accordingly an examination was made of the average consistency of the 
subjects at seven positions on this corner, by a method similar to that used to 
analyse consistency in tracking performance. In this case the angular position 
of the steering-wheel at each of the seven positions on the corner in six successive 
laps was examined. The effects of alcohol were similar at the seven positions, so 
the scores were averaged for each dose. The results are shown in Table 14. It 



TABLE 14 



Mean consistency score ( steering-wheel positioning), for five doses 





Angular position of wheel (arbitrary score) 


Dose 0 
(Control) 


Dose 1 


Dose 2 


Dose 3 


Dose 4 


3-61 


3-51 


3-61 


4-03 


4-15 



will be seen that there was decreasing consistency in steering-wheel positioning, 
but the trend is not statistically significant (Friedman: P> -05). 

Reversals of direction of steering-wheel. So far the total extent of steering- 
wheel movement has been considered. The number of times the direction of 
rotation of the wheel was changed was also recorded in terms of (a) the total 
numbers of reversals made, ( b ) the number of reversals large enough to change 
the course of the car (effective reversals) and (c) ‘hunting’ movements too small 
to have this effect (ineffective reversals). 

The effect of the different alcohol doses on the total number of reversals is 
shown in Fig. 24. After an initial reduction with the smallest dose, the number 
increases as the dose increases. The figure indicates that the relation between 
total number of reversals and alcohol dose may be curvilinear. 

The total number of reversals includes both effective and ineffective ones; 
analysis shows that the alcohol doses have a significant effect only on the 
effective reversals (Friedman: P<-05). There are large individual variations in 
the numbers of ineffective, ‘hunting’, reversals made, but they are very largely a 
function of speed. An overall positive correlation of 0-69 (P<-001) exists 
between time per lap and number of ‘hunting’ movements. This means that a 
subject who drives slowly tends to ‘hunt’ with his steering-wheel. It is possible 
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that this enables him to keep himself informed on the extent of backlash in the 
apparatus. A quicker driver has less time available in which to do this, so the 
number of such ‘hunting’ movements is reduced. 




Fig. 24. Mean total reversals in direction of rotation of the 
steering-wheel for four doses of alcohol. (Each point is the 
mean of four driving period mean scores.) 



Effective reversals alone are considered in Fig. 25, which shows that there is 
a slight decrease in activity for the smallest dose and an increase thereafter, that 
is, the relation between the number of reversals and alcohol dose may be non- 
linear. 




Fig. 25. Mean ‘effective’ reversals of the steering-wheel for four 
doses of alcohol. (Each point is the mean of four driving period 
mean scores.) 
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In Fig. 26 the differences in the number of effective reversals from control 
scores are plotted for each driving period for each dose. The maximum effect 
seems to be produced soon after drinking, as was the case with amount of 
steering-wheel movement (Fig. 21). This dependence of the alcohol effect on 
time after drinking is shown in Fig. 27 (cf. Fig. 22) where the steepest increase 
in effective reversals is seen to occur over the four first driving periods. 



'5' 

Z 




Fig. 26. Mean ‘effective’ reversals of the steering- 
wheel (difference from control) in successive driving 
periods, for four doses of alcohol. 




Fig. 27. The relation between mean ‘effective’ reversals of the steering- 
wheel (difference from control) and mean blood alcohol in successive 
driving periods. (Dose symbols as in Fig. 26.) 



50 



Printed image digitised by the University of Southampton Library Digitisation Unit 



THE PRESENT INVESTIGATION: RESULTS 



Summary. The effect of alcohol on steering-wheel movement may be 
summarized as follows : — 

(а) There is an increase in the extent of steering-wheel movement after 
drinking alcohol. This increase is related to increase in amount ingested 
in a positively accelerated manner. 

(б) Reversals of direction of rotation of the steering-wheel also increase 
after drinking alcohol, except after the smallest dose where a slight 
decrease occurs. This effect is also positively accelerated. 

(c) Analysis of the effective and ineffective reversals separately shows that 
these trends are found only for those reversals which are effective in 
changing the course followed by the car; ineffective, ‘hunting’, move- 
ments of the wheel are not affected by alcohol. 

( d) The rise and fall of blood alcohol with time is not closely reflected in 
the change in the amount of steering-wheel movement and in the 
incidence of reversals as is the case with tracking errors. Rather, the 
relationship between these measures and blood alcohol concentration 
is dependent on the time which has elapsed since the drink was taken. 
There is a greater effect in the first half-hour, while the blood alcohol 
level is rising. 

(e) The relationship between the mean extent of steering-wheel movement 
made and the mean extent of tracking error which results is a U- 
function. There is some indication that alcohol not only increases the 
amount of movement but also affects timing of the responses. 



Individual Differences 

Although the effects of alcohol on performance have been discussed in terms 
of the group mean results, it is clear that there are considerable individual 
variations on every measure used. Reference to the analysis of variance 
(Appendix B) shows that subject variance has been highly significant in every 
analysis, i.e. subjects differed in their average level of performance on each 
measure. 

Although these individual differences in the general level of performance of 
this task are of interest, this section is concerned with the variability in individual 
responses to alcohol. 

The amount of practice at the task which preceded a given dose was not the 
same for all subjects, since they received the doses in one of five orders. In 
considering the group as a whole, dose order is balanced out, but, in order to 
assess the effect of alcohol on the individual, practice effect has to be taken into 
account for those performance measures in which it was found to be present 
for the group. The amount of change in score in any one trial to be expected 
from practice was obtained from the learning curve of the entire group, and an 
appropriate adjustment to his score under alcohol conditions was made for 
each individual. The variation in individual alcohol effects obtained in this 
manner was found to be virtually the same as that obtained by comparing the 
effects occurring within each of the five dose-order groups. Therefore the 
assumption implied in this correction for practice effects, that the practice 
effect is the same for each individual, does not distort the true picture . on the 
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other hand, it enables comparisons to be made between the 40 subjects. No 
correction was made in the case of tracking error, since there was no appreciable 
practice effect with this score. 

An overall score of alcohol effect for each individual was obtained from his 
scores for control and for the four alcohol doses by calculating the rate of 
change in performance with increasing doses of alcohol. To describe the alcohol 
effect for an individual the estimated change (difference from control score) at 
the dose 4 level has been taken from the resulting slope. Since the performance 
scores are in arbitrary units, the individual alcohol effects have been expressed 
as a percentage of the group mean control score. 

Frequency distributions of individual differences in the direction and extent 
of the effect of alcohol are given in Table 15 for error, steering-wheel movement 
and time per lap (for speed). It can be seen that in each case there was a 
majority of the subjects showing more tracking error, more steering-wheel 



TABLE 15 



Numbers of subjects showing different percentage changes in score after alcohol 
( Dose 4), for three performance measures 





Number of subjects 


Measure 


Per cent decrease in score 
-50 -40 -30 -20 -10 


Per cent increase in score 
+ 10 +20 +30 +40 +50 +60 +70 


Error . 


1—225 


10 12 4 2 2 — — 


Steering-wheel 
movement . 


— — — 3 5 


12 13 3 3 — — 1 


Time per lap 


— — — 5 11 


13 5 2 — — — — 



movement and slower speed after alcohol. In the case of speed the majority was 
very small; this reflects the lack of significance of the mean alcohol effect on 
speed. Ten subjects out of the 40 make less tracking error with alcohol than they 
do without, and eight make less steering-wheel movement. Of the ten making 
less error, seven drove more slowly after alcohol. Distribution of individual 
differences in consistency of tracking after alcohol showed that, of the 35 
examined, eight became more consistent. Of these, six drove more slowly, and 
five of these also made less error. These five subjects, therefore, ‘improved’ after 
alcohol in that they drove more slowly, more consistently, and made less error. 
Of the 19 who drove more slowly, 12 nevertheless made more error. 

Response to alcohol was related to a number of other variables in an attempt 
1 see if the individual differences could be explained. The variables were: level 
skill in operating the experimental apparatus, driving experience, age, sex, 
nking habits and certain personality characteristics. 
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Skill at the Task 

For each of the three performance measures in Table 15 the eight subjects 
within each dose order group were divided according to their individual average 
score over five trials, into four high and four low scorers. They were also divided 
into two groups of four according to whether the effect of alcohol on their 
performance was large or small, and the results were then arranged in a 2 x 2 
table. The numbers of individuals occurring in each quadrant were summed over 
the five sub-groups, and the resulting tables are given immediately below:— 





Alcohol effects 




1 

Small 


Large 


No. 


High average 

Tracking error 


9 


11 


20 


Low average 


11 


9 


20 


No. . 


20 


20 


40 






Alcohol effects 




Time reduced 


Time increased 


No. 


High average 

Time 


9 


11 


20 


Low average 


11 


! 9 


20 


No. . 


20 


20 


40 





Alcohol effects 


Small 


Large No. 


High average 

Steering-wheel 

movement 

Low average 
No. . 


10 


10 20 


10 


10 20 


20 


20 40 



i «»> >.,c« 



there a significant relation between the 
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Driving Experience 

Subjects were divided into three groups on the basis of driving experience. 
Group A (12 subjects) had an annual mileage of more than 5,000 miles. Ten 
subjects in this group owned a car and eight of them had held a driving licence 
for 15 years or more. Group B (13 subjects) had an annual mileage of from 
2 000 to 4,000 miles; seven owned a car and nine had held a licence for from 
4 ’ to 15 years. Group C (15 subjects) had an annual mileage of less than 2,000 
miles- 13 did not own a car and nine had held a driving licence for less than 
four years. The effect of alcohol is presented for these three groups in Table 16. 

TABLE 16 

Mean percentage change in performance after alcohol for five measures, for three 
groups differing in driving experience 



Difference from control score ( %) 



Group A Group B Group C 

(12 subjects) (13 subjects) (15 subjects) 



Tracking error .... 


+ 


10 


+ 


11 


+ 


8 


Time per lap 


— 


1 


+ 


3 


+ 


12 


Steering-wheel movement 


+ 


14 


+ 


5 


4- 


Inconsistency of car positioning 
Inconsistency of steering-wheel move- 


+ 


8 


+ 


15 


+ 




ment. ..... 


+ 


17 


+ 


8 


+ 


24 



This table shows that only with regard to consistency of car positioning does 
there seem to be any relation between previous experience of driving and the 
effect of alcohol. The more experienced driver is more variable with alcohol 
than without, whereas the less experienced tends to be much more variable. This 
seems a reasonable result, and one which might be expected from Lewis’ (1951) 
results. Even this, however, is not statistically significant. (Student’s t: P>-05). 

Age 

The age distribution of the subjects has been given earlier (p. 15). It will be 
remembered that for 39 of the subjects the range was from 20-40; the remaining 
subject was aged 58. Correlating age with effect of alcohol for the three main 
measures gives 

(a) Age and effect on tracking error .... r — —0-265 

(b) Age and effect on speed . . . . . . r = —0-062 

(c) Age and effect on steering-wheel movement . . r — +0-075 

None of these correlations is significant. There is a slight tendency for the older 
subjects to show a smaller increase in error after alcohol, but within the range 
investigated in this experiment age cannot be said to be relevant. 
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Sex 

There were no significant differences between the sexes in the effect of alcohol 
on any of the performance measures (Student’s t: P > -05, in each case). 
However, it should be remembered that only five of the subjects were women. 



Drinking Habits 

The range of previous drinking habits of the subjects was very limited, as 
there were no heavy drinkers in the sample; however, the sample was divided 
into those who drank regularly once a week or more often and those who drank 
very rarely. The differences in alcohol effect on performance do not approach 
significance for any of the measures. 

Personality 

Product moment correlations were computed between the scores on the 
personality tests used in this study (listed on page 21) and the effects of alcohol 
for the various performance measures. In the first instance, eight performance 
variables were correlated with 32 personality measures (derived from all the 
tests listed on page 21 except the Maudsley Personality Inventory which was 
introduced later). Of the personality scores, 12 showed correlations with alcohol 
effects at greater than the 5-per cent level of significance. Ten of these were from 
tests which, according to their titles or to associations cited in the literature, 
would appear to be related to extraversion. The scores were derived from 
measures of aspiration level, of perception and of perseveration, from Porteus 
Maze performance, and from the Bernreuter Personality Inventory- and the 
Minnesota Multiphasic Personality Inventory. However, the intercorrelations 
between these personality test scores themselves were low, despite the fact that 
each may be expected to measure extraversion, and it was therefore decided to 
re-examine the subjects by a test constructed specifically to measure extraversion 

the Maudsley Personality Inventory. Thirty-five of the original forty subjects 

were available for re-testing. The sample seems to have been a reasonably- 
balanced one on the extraversion-introversion scale: on a group of 400, tysencic 
reported a mean score of 10-94 with a standard deviation of 4-74; the mean for 
the present sample was 10-24 with a standard deviation of 4- 53. _ 

That this test measures a general factor identified as extraversion by other 
investigators is supported by the fact that those scoring as extraverts performed 
on the S driving task in the manner that would be expected from the results ; of 
previous investigations into the relation between performance and extraversiom 
People identified as extraverts have been shown to be relatively less concerned 

chi square P<-05), are less com driving period than 

P< -05), and show a bigger increase m error during ea 6 1* 

do introverts (by chi square P<-01). 
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The onlv correlation of the Maudsley Scale with response to alcohol which 
approached significance was that with tracking error {r = + 0-34 which is 
almost significant at the 5 per cent level). This correlation suggests that extraverts 
tend to be more impaired in their tracking skill than introverts; and the sugges- 
tion is supported by the fact that four of the other tests used as measures of 
extraversion gave correlations significant at this level with tracking error. In 
Fi CT 7 8 the tracking error after alcohol compared with the error for control 
conditions is shown for extraverts and introverts for each driving period; the 
figure shows clearly the greater effect of alcohol on the tracking error of the 
extravert group. 




It can be seen that the extraverts tended to make rather more error than did 
the introverts under control, no-alcohol, conditions: after alcohol, whereas the 
introverts became somewhat less accurate, the extraverts showed a marked 
deterioration. For both groups the difference between the control and alcohol 
scores increases and decreases with rise and fall in blood alcohol, but again this 
is more clearly marked for extraverts than for introverts. 

Whereas all seven extraverts showed a similar level of skill on the machine, 
the introvert group tended to be much less compact in performance ; for tracking 
error, for example, the average score (for 5 doses) for the extraverts ranges 
from 213 to 321 units of error, while at the introvert end the scores range from 
126 to 338. These tendencies can also be seen in the reactions to alcohol of the 
two groups; extraverts were affected by alcohol in a characteristic way, but the 
effect on the introverts was by no means as predictable. 

A similar picture is obtained with speed scores. The majority of extraverts 
drive more quickly after alcohol, but the introvert group is again less compact, 
about half driving more quickly and the others more slowly. Moreover, the range 
of change in speed is very different for the two groups. Extraverts change their 
speed very little, five of the seven changing less than 5 per cent. Only one of the 
nine introverts showed as little change as this. The suggestion that with regard to 
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speed of driving alcohol has more effect on introverts than on extraverts is 
strengthened when subjects are identified by the Bernreuter personality inventory 
rather than the Maudsley. (The neuroticism scale of the Bernreuter, which corre- 
lates almost perfectly with its introversion scale, was used in this experiment.) 
In Fig. 29 change in time per distance unit after alcohol (as a percentage change 




Fig. 29. Mean time per lap (difference from control) 
for Dose 4 plotted against extraversion measured by 
the Bernreuter Scale. 



from control score) is plotted against Bernreuter rating. The extravert group 
(rather more numerous on this scale than on the Maudsley, but containing all 
seven of the Maudsley extraverts) tends to bunch around zero change From 
about the middle of the scale up to the high scoring introverts, the distribution 
tends to bifurcate. The majority of subjects at this end change their speed 
markedly after alcohol; some speed up considerably and others show an equally 
large reduction in speed. 

Plotting the amount of change irrespective of its direction give: > an approxi- 
mately linear increase in amount of change m speed after alcohol from the 
extravert to the introvert end (Fig. 30). The mean change in speed of those i above 
the mid-point of the scale, i.e. the introvert group is 13-9 P e cent i ind torn" 
change for those below the mid-point, i.e. the extravert group, is 5 3 per cent 

The fact that the use of the Bernreuter scale produces a clearer picture of the 
gretter effect of alcohol on the driving speed of introverts than that Produced 
when the Maudsley scale is used may perhaps be explained in terms of the 
different concepts of introversion inherent in the two scales. Bernreuter 
Freudian concept of the introvert as a near neurotic, whereas Eysenck adopts 
mo^C^posln which distinguishes fairly sharply between introversion 
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and neuroticism. The same people are placed as extraverts on both these scales, 
but the introverts on the Maudsley scale are scattered about all over the 
Bernreuter scale. 




EXTRAVERSION INTROVERSION 

Fig. 30. Mean time per lap (difference from control) for Dose 4 plotted against extraver- 
sion measured by the Bernreuter Scale. (Each point is the mean of five subjects.) 



Neither the Maudsley nor the Bernreuter scale distinguishes those introverts 
who speed up from those who slow down. The only indication about differences 
between the two groups comes from informal remarks about the subjects made 
by people who knew them. There was a tendency for those who slowed down to 
be described as normally cautious drivers and those who speeded up to be 
described as ‘flighty’. No great weight can be placed on this evidence, but it 
seems to fit with the concept that drug action produces an exaggeration of 
normal personality- characteristics (Steinberg, 1953). 

None of the steering-wheel movement scores shows a significant relation to 
extraversion-introversion as measured by the Maudsley or Bernreuter scales. 
But the effect of alcohol on both extent of steering-wheel movement and incon- 
sistency of movement is significantly correlated with the Hysteria score and with 
the Psychopathic Deviate score of the Minnesota Multiphasic Personality Inven- 
tory; r = — 0-45, — 0-53, — 0-46 and — 0-44 respectively (P in each case is 
greater than -01). That is to say, alcohol produces a greater increase in steering- 
wheel movement and a greater variability in operating the steering-wheel on 
those subjects who have low scores on these two tests. 

It appears, then, that part at least of the individual variation found in response 
to alcohol can be explained in terms of personality differences. If the Maudsley 
scale is used to classify subjects as extraverts and introverts then it may be said 
that the tracking error scores of the extraverts are more seriously affected than 
those of the introverts. After alcohol, these scores show a clear and significant 
deterioration for the extraverts and a less clearly marked deterioration for the 
introverts. The effect of alcohol on speed, however, is greater for the introverts 
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than for the extraverts. If the more ‘neurotic’ definition of introversion involved 
in the use of the Bernreuter scale is adopted, the difference between extraverts 
and introverts in terms of this effect on speed is emphasised. 

Extraverts, then, may be said to respond to the stress imposed on them by 
alcohol by partially withdrawing from the problem. They do not appear to be 
unduly worried by it. Although markedly less accurate in their tracking, they 
‘drive’ at much the same speed as before. Introverts, on the other hand, appeal 
to be striving to compensate for the effect of alcohol and to demonstrate theii 
efficiency. For one group of them, the criterion of efficiency seems to be slow, 
cautious driving and for the other group it seems to be rapid driving. The one 
group seems to be attempting to drive accurately, although driving more slowly 
does not always result in greater accuracy. The other group seems to be trying 
to demonstrate its efficiency by showing how fast it can drive; this increased 
speed usually, but not always, results in increased error. 

The effects of alcohol on the steering-wheel movements of the introvert and 
extravert groups, as identified by the Maudsley scale, did not appear to differ. 
However, it was shown that high scorers on the Hysteria and Psychopathic 
Deviate scales of the Minnesota Multiphasic Personality Inventory differed from 
low scorers on these scales in the way alcohol affected control movements. Not 
only did the low scorers have a bigger increase in amount of steering-wheel 
movement, but their consistency of movement was more affected. 

While none of the evidence presented in this section can be regarded as 
definitive, it suggests that some of the individual differences in response to 
alcohol can be explained in terms of personality structure and that one of the 
relevant dimensions is that of extraversion-introversion. However, the lack of 
agreement between the various scales used, and the differences in their relation- 
ships with the behaviour measures indicate that several other dimensions of 
personality in addition to the extraversion-introversion dimension are clearly 
relevant. 
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HI. Discussion 



It has been seen in the introduction that the literature concerning both laboratory 
studies and road accident figures reveals that a blood alcohol level of 150 mg % 
or more produces a serious, indeed dangerous, reduction in the efficiency with 
which an individual carries out a skilled task such as driving. The results of the 
present investigation demonstrate conclusively that for such complex skills 
impairment begins long before this level is reached. 

The effects of several small doses of alcohol were measured and it is therefore 
possible to comment both on the shape of the dose/response curve and on the 
range of blood alcohol concentrations within which a threshold concentration 
in relation to impaired performance might lie. 

In general, the performance scores were found to be increasingly affected as 
the alcohol dosage was raised. Previous work has suggested that a curvilinear 
relation exists between blood alcohol concentration and impairment of perform- 
ance; Goldberg (1951), and Loomis and West (1958) suggest a logarithmic 
function. There is no evidence from the present results to suggest that within the 
range of blood alcohol concentration investigated the increase in tracking error 
is curvilinear, but it is possible that a different relationship exists at higher blood 
alcohol concentrations. In the case of the amount of steering-wheel movement 
made, the dose/response curve strongly suggests a curvilinear relationship. 

The findings of previous investigators show different blood alcohol levels 
above which impaired performance begins; these findings imply that some 
alcohol may be present in the blood without performance being impaired. In the 
present study, at blood alcohol concentrations as low as 20 to 30 mg% the 
change in accuracy is in the same direction as the change following the larger 
concentrations. Therefore, if there is a threshold concentration below which 
performance remains unaffected, it will be below the concentration obtained for 
the lowest dose used in this experiment. Taking the group as a whole, there is on 
the average a measurable deterioration in performance when there is in the blood 
the smallest quantity of alcohol that can be detected by existing instruments. 

The present study shows then that performance begins to deteriorate with very 
low blood alcohol concentrations, and that the deterioration is progressive, being 
related to blood alcohol level in a linear manner in the case of performance 
accuracy and probably in a curvilinear manner in the case of the amount of 
control movement made. 

A general relationship between blood alcohol concentration and performance 
level has long been recognized, but it was shown in the Introduction that its 
closeness is dependent to some extent on three factors: the kind of behaviour 
studied, the time that has elapsed since the alcohol was consumed, and individual 
response to alcohol. 

It has been shown that the effect of a given dose of alcohol will be different for 
different kinds of behaviour, and that more complex behaviour, mediated by 
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higher brain centres, is likely to be affected earlier and to a greater extent than 
the more simple components of behaviour. Goldberg (1951) has pointed out that 
the blood alcohol level at ■which impairment is first noticed varies with the 
performance measured. Indeed this fact plays a part in producing the discrepancy 
between the levels of blood alcohol at which impairment is found in experimental 
investigations and the levels of blood alcohol associated with clinical intoxica- 
tion. Experimental studies have shown impairment of skilled performance in 
subjects who showed no clinical signs of intoxication. 

Previously impairment of skill following alcohol has usually been measured 
solely in terms of accuracy of overall performance (as judged by the final result). 
Welford (1958) suggests that ‘very often the first signs of break down [in skill] 
will be that the component actions of a complex performance change while the 
overall achievement remains constant’. He stresses the importance of making 
‘as thoroughgoing an analysis as possible of the performance, in order to assess 
separately the functioning of the different mechanisms involved’. In the present 
experiment, although there was a clear effect of alcohol on overall performance, 
the effect on the controlling mechanism was even more clearly demonstrated. 
The rate of increase in steering-wheel movement with increasing doses was shown 
to be greater than the rate of increase in tracking error. It was thought that a 
possible explanation of this was that the timing of the steering-wheel movements 
was disturbed. 

In the analysis of the results it appeared that ti min g of the initial steering 
response to a particular comer became increasingly variable with alcohol, and 
that there was an accompanying decrease in the consistency with which the 
subsequent steering-wheel movements necessary to negotiate the corner itself 
were made. The importance of timing of control movements in a complex skill 
has been stressed previously by Bartlett (1943), and adverse conditions such as 
fatigue have been shown to have a marked effect on timing (Drew, 1942, Davis, 
1948). 

Analysis of the error score for positioning of the car showed that after alcohol 
drivers spend less time towards the left-hand side of the road, and allow swings 
towards the right to go uncorrected for longer, while tending to correct swings 
towards the left rather sooner. A plausible hypothesis would seem to be that the 
subject is unwittingly simplifying his task as alcohol renders him less efficient. 
In a real car it is easier to be precise about the location of the driver’s side than 
about the near side. In this apparatus the difference is exaggerated by the lack 
of definition of the ‘near’ kerb immediately in front of the near side front wheel. 
This makes it difficult to judge the precise distance of the car from the left hand 
kerb. As blood alcohol concentration rises, subjects appear to avoid this problem 
of judgement and to move over towards the right where they have a perceptually 
easier task. Bartlett’s interpretation of his findings relating to simplifies firm 
accompanying fatigue (1943) may be relevant to alcohol effect. He suggests that 
in setting his own standard of performance a subject will normally disregard 
errors below a critical size, though he will respond to errors above this size. In 
a fatigued state the subject will tolerate larger errors before he responds, his 
‘indifference range’ is increased and he may therefore be under the impression 
that he is doing as well as usual, whereas, in fact, his error is greater. 

The second factor which can affect the relation between blood alcohol level 
and performance change is that of the time which has elapsed since drinking. 
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Previous studies (discussed in the Introduction) have suggested that a blood 
Ilcohol level reached soon after the consumption of alcohol, and the same blood 
aiCOuOi . . , , _ t.j. +: ,t«ii r\prfnrmnnr.P! to difFftrent. extents. 

after 




SSto blood alcohol concentration is rising. In the present instance 
where performance was measured over a period of two hours, the effect of alcohol 
on tracking accuracy did not appear to depend to any great extent on this time 
factor The fall of blood alcohol from the peak had not progressed far by the 
end of the 2-hour experimental period, but it was found that over this period 
there was a time lag of 5 to 10 minutes between the attainment of any given 
blood alcohol level and its resulting tracking error. This may be explained by a 
difference between the time at which any capillary blood level is reached, and 
the time at which its depressant effect is transmitted to the cells of the central 
nervous system. For periods of up to two hours, therefore, the relation between 
blood alcohol concentration and accuracy does not appear to be dependent on 
the time since ingestion. The effect of blood alcohol on level of steering-wheel 
activity however, did appear to depend on this factor to a greater extent than 
can be accounted for by this time lag. For a given blood alcohol level there is a 
greater effect on steering-wheel movement in the first half-hour after ingestion 
than at later times. It seems reasonable to suppose that at the beginning of the 
task deliberate efforts are made to compensate for deficiencies in accuracy, but 
that these compensatory efforts are not maintained throughout the two 



More light is thrown on compensatory activity by a study of the individual 
differences in response to alcohol. These individual differences appear to be 
related, at least in part, to personality characteristics, especially those of extra- 
version— introversion. In this experiment subjects classified as extraverts appear 
not to be bothered by the extra stress imposed by alcohol. They drive at much 
the game speed as before but they make much more error. Those classified as 
introverts, on the other hand, appear to be striving to compensate for the 
alcohol effect, and to be anxious to demonstrate their efficiency. They over- 
react to the situation by changing their speed markedly. Some slow down, 
presumably in an attempt to achieve accuracy, although they do not necessarily 
do so, while others appear to be attempting to demonstrate how quickly they 
can drive, though not always with a proportionate loss of efficiency. This again 
is paralleled by the results of fatigue studies. If, as Eysenck’s work suggests, the 
hysteria-anxiety dimension corresponds in clinical terms to the extraversion- 
introversion dimension, the findings of Davis (1948) in his ‘cockpit’ experiment 
on the effect of fatigue can be compared with those of the present experiment. 
Davis found that under fatigue-stress individuals classified as hysterics tended to 
respond by withdrawing and under-reacting, and those classified as anxiety- 
states tended to respond by over-reacting. This suggests that for both the 
extravert group and the introvert group the effect of alcohol is similar to that of 
fatigue. 

While the emphasis in this investigation has been on the effect of alcohol on 
efficiency at a task resembling driving, the task used was almost completely 
free of hazard and risk-taking. From the point of view of driving in traffic the 
work of Cohen et dl. (1958) adds interesting evidence; these authors have shown 
that an amount of alcohol not much larger than the biggest dose used in this 
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experiment produced a significant increase in the risks which drivers took. 
From the two studies it is reasonable to assume that after taking an amount of 
alcohol roughly equivalent to the largest dose given in the present experiment, 
not only will drivers take greater risks than they would normally, but they will 
be less efficient in dealing with the hazardous situations which they bring 
about. 
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IV. Summary 



(1) An experiment was carried out to investigate the effects of small doses of 
alcohol on performance at a task resembling driving. 

(2) Records were made of the accuracy, speed, and handling of the driving 
controls of 35 male and 5 female drivers on the ‘Miles Motor Driving 
Trainer’ over a period of two hours on each of five occasions. 

(3) On each occasion subjects received one of four alcohol doses or a placebo 
dose. The highest alcohol dose was equivalent to approximately three 
pints of ‘average’ beer or five fluid ounces of whisky, for a man of average 
weight. The concentration of alcohol in the blood and in the urine was 
assessed at half-hourly intervals following ingestion. The mean peak 
blood alcohol concentrations for the doses ranged from 20-80 mg%. 
After ingestion of each dose blood alcohol rose steeply, and reached its peak 
within 30-60 minutes. Thereafter it fell away more gradually at a constant 
rate. Urine alcohol curves were similar to blood alcohol curves, but the 
peaks were later and higher. 

(4) Mean error increased significantly with increasing blood alcohol. With a 
blood alcohol concentration of some 80 mg% the deterioration in 
accuracy amounted to about 12 per cent. Part of the increase in error 
could he attributed to a tendency for subjects to move towards the right- 
hand side of the road, and part to less consistency in the manner with 
which the car was steered. The average error score rose and fell with time. 
The shape of the curve these changes produced was similar to that of the 
blood and urine alcohol curves, but changes in blood alcohol concentration 
anticipated by some ten minutes the changes in error score related to them, 
while changes in the urine alcohol concentration were related to the changes 
in error score that occurred some ten minutes earlier. 

(5) The average speed at which subjects ‘drove’ showed no significant change 
with increasing blood alcohol. 

(6) There was a significant increase in the mean amount of steering-wheel 
movement with increasing blood alcohol, and there were indications that 
this was due to a reduction in the accuracy and consistency with which 
steering-wheel movements were made. 

(7) There were differences in the extent to which alcohol affected the accuracy, 
speed, and control handling of individual subjects. 

(8) Within the limits of the sample, age, sex, previous drinking habits, skill at 
the experimental task, and amount of previous driving experience showed 
no relation to these individual differences in response to alcohol. 

(9) Personality ratings, especially those relating to extraversion-introversion, 
showed a definite relation to behaviour changes. Extraverts did not alter 
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their speed of driving very much, but showed large increases in error. 
Introverts, on the other hand, showed considerable changes in speed, 
though some increased their speed and others decreased it. Although they 
showed considerable variation in the extent to which error increased, the 
mean change for introverts was less than that for extraverts. 

(10) An investigation was made of the accuracy with which blood alcohol 
concentration could be estimated from urine alcohol concentration and 
from the results of different methods of breath analysis. (These results are 
given in Appendix A.) 
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Appendix A 

An Evaluation of Urine and Breath Analysis for Estimating Blood Alcohol Content 



METHOD 

Urine and breath samples were collected at the time of blood sampling during 
this investigation in order to evaluate methods of estimating blood alcohol con- 
centrations— at levels up to 100 mg %— from urine and breath alcohol 
concentrations. 

The blood samples were taken by the pin-prick method. At each sampling 
approximately 0 ■ 5 ml was collected in a small pipette which had been previously 
sterilized and sealed. After collection of the sample, the pipette was resealed 
immediately. The pipettes contained preservatives as recommended by the 
British Medical Association (1954). Urine samples were put into sterile standard 
McCartney media bottles to which an appropriate preservative (British Medical 
Association, 1954) had been added. The blood and urine samples were analysed 
at the South-Western Forensic Science Laboratory. 

The small amount of blood available necessitated the use of a micro-analytic 
technique, a modified Cavett method recommended by the British Medical 
Association Committee (Kent-Jones & Taylor, 1954). Although the same diffi- 
culty did not hold for urine samples, and the recommended Kozelka and Hine 
(macro) technique did not make the same demands on the analyst, it was 
nevertheless thought desirable to use the same analytic technique for both fluids 
to avoid possible complications arising from any differences in constant errors 
in the two methods. Duplicate analyses of every blood and urine sample were 
made, and the mean of the two results was used as the figure for alcohol 
concentration. 

Breath samples were blown either into a balloon of standard resistance to 
inflation, or directly into a breath analysis apparatus, according to. the designers’ 
instructions. 

The principles underlying the estimation of blood alcohol from breath alcohol 
are fully discussed by Harger, Forney & Barnes (1951). All methods work on the 
principle that the distribution of alcohol between alveolar breath and blood 
obeys Henry’s law, but they differ mainly in the estimates of the correct ratio for 
this distribution and of the temperature which controls the final equilibrium 
between blood and breath (see Harger et al, 1951). Four different instruments 
for the analysis of breath alcohol were made available by the Road Research 
Laboratory. One of these was not used; this was the Intoximeter (letter, Moore 
and Forrester, 1941), which provides a rapid check of whether enough alcohol 
is present to warrant a more detailed analysis. The three instruments that were 
used are designed to give accurate readings for the actual blood alcohol concen- 
tration. These three were: the Aleometer, developed by Greenberg & Keator 
(1941) ; the Drunkometer (Harger, Lamb & Hulpieu, 1938) ; and the Breathalyser 
(Borkenstein, 1956). The Drunkometer allows two methods of estimating breath 
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alcohol, one based on the volume of breath used in the test and the other on 
the weight of carbon dioxide associated with the alcohol. Both methods were 
used here. 

Not all subjects could be tested on all these methods of breath analysis. The 
subjects were tested as follows: — 

Alcometer: Fifteen subjects were tested, from whom a total of 82 samples 
were obtained after they had drunk either dose 3 or dose 4. 

Drunkometer: Two series of tests, each using both methods, were carried 
out with this instrument, with different subjects in the two series. Sixty-seven 
samples were obtained from six subjects in Series 1 and 58 from seven 
subjects in Series 2; samples were taken after all four doses but most of 
those taken after the lowest dose were useless as the breath concentration 
was below the point of minimum sensitivity of the apparatus. 

Breathalyser: Two models of this instrument were tested, the first, a 
prototype, and the second, an improved production model. For the proto- 
type a total of 131 samples were obtained, after all four doses, from 10 
subjects; and for the improved model 103 samples after the two largest 
doses from 15 subjects. 



RESULTS 

The Relation between Blood and Urine Alcohol 

It was noted in the main text of the report (page 28) that the urine alcohol 
curve rises more slowly to a peak which is higher than that for blood alcohol. 
The larger the dose, the larger the absolute discrepancy between the peak values. 
Once the urine peak has been passed, blood and urine alcohol curves run parallel 
There is thus both a higher average alcohol concentration in the mme than m 
the blood and, since the urine concentration builds up more slowly, there 
lag between the time at which blood alcohol reaches any given level, and the time 
a?wh£h urine alcohol reaches the corresponding level. However, "hen ad ust- 
ments are made for these two factors, blood and urine alcohol concentrations 

“ ThT&st factor" the^ifference between blood and urine alcohol f “ wiologta 
is a constant one. A proportional difference may be expected on physiologica 

"grounSffince a l°°^ ^^^^^jg^jb^o^gver^sorne (hsa^eM^^about"^ 

ratim"l^ e thi° ex^riment the ° ° j *25. T^^ratio^as'cto 

alcohol taken (tests Mde when 

aicohol was taken with the “JM gave the ra ■ — j of , ^32. 

Data given by letter (1938) yield a ratio oi as j . 3.33, and Taylor 

The British Medical the results of 15 authors 

(1957) uses thrs figure. Elbel & ScW^U95b) a ^ ^ ^ tQ ^ j ^ 

tStiSSHS £ EX- - ■— * *•* “ *“'• " 
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is clear that the ratio of alcohol in blood and urine must vary with time after 
drinking. In the present investigation the ratios found were : — 



at 30 minutes . . 


.. 1 


: 0-93 


60 minutes . . 


.. 1 


: 1-30 


90 minutes . . 


.. 1 


: 1-36 


120 minutes . . 


.. 1 


: 1-45 



The second factor is the time lag between the blood and urine alcohol curves. 
Because of this lag the urine alcohol value at any given time after drinking is a 
poor indicator of the alcohol level in the blood at the same time, but it was found 
to reflect closely the blood alcohol level reached at an earlier time. It was found 
that the peak alcohol concentration is reached 20-25 minutes later in urine than 
in blood (see p. 28) ; since the samples were taken at 30-minute intervals a 30- 
minute adjustment was made ; this brought the urine and blood figures closely 
into line. 

When the urine alcohol values are reduced by l/5th (because of the propor- 
tional difference) and matched with blood alcohol values found 30 minutes 
earlier (because of the time lag) it is found that the urine values approximate the 
blood alcohol values with an accuracy of ± 10-6 mg% (standard deviation); 
that is, in 95 out of 100 cases the true blood alcohol value will lie within 
± 21 mg% of the adjusted urine alcohol value. The relationship is shown in 
Fig. Al, in which the urine values obtained at 60, 90 and 120 minutes have been 
reduced by l/5th and moved back along the time scale by 30 minutes. It will be 
seen that this results in a very close approximation of the blood and urine curves. 




Fig. Al. The relation between mean blood alcohol 
and mean urine alcohol. (The urine values, reduced 
by one-fifth, have been brought forward by 30 
minutes.) 
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The Relation between Blood Alcohol Values Determined by Breath Analysis and 
by Direct Blood Analysis 

Since the breath analysis instruments were calibrated to give readings in terms 
of blood alcohol values, there should have been no need to allow for the constant 
difference between blood and breath alcohol. There was, however, found to be 
some error in all these instruments, but since the error was constant it could be 
allowed for, and therefore did not reduce the accuracy of the estimates of blood 
alcohol level. 

The accuracy with which the breath instruments estimate the true blood 
alcohol level is shown in Table Al.* The values for urine alcohol are included 
for comparison. The accuracy is expressed both in terms of the standard 
deviation of the differences between the true and estimated blood values, and 
also m terms of the 95 per cent confidence limits, that is, the limits within which 
the true blood alcohol level will lie 95 times in 100. The constant error of the 
breath instrument readings is given in the last column. The relationship between 
the true blood analysis and the readings obtained from the different breath 
instruments is shown in Figs. A2-A8. 



TABLE Al 



Accuracy with which the different breath analysis instruments and urine alcohol 
estimate blood alcohol 



Method of analysis 


S.D. 


95 % limits 
of 

confidence 


Constant 

Error 


Drunkometer — 








Series 1, Volume method 


22-4 


± 45 




Series 1, Weight method 


23-3 




+ 12 


Series 2, Volume method 


13-1 




Series 2, Weight method 


11-5 


± 23 


- 15 


Breathalyser — 








Prototype model . . 


17-3 




- 14 
+ 2 


Production model 


12-0 


± 24 


Alcometer 


20-1 


± 40 


- 22 


Urine 


10-6 


± 21 


+ 9 



Drunkometer. For this instrument different constant errors were obtained in 
Series 1 from those obtained in Series 2; also within each series there was a 
difference between the constant errors obtained by the weight and volume 
methods of analysis. The constant error of the volume method in Series 2 is not 
significant so it was not necessary to make a constant correction for it. The 



tn^r b irffa h tii nStminent given in Tables A3 t0 M at the of this appendix, 

together with the corresponding values obtained by direct blood analysis. 
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results of the two series differ significantly from each other and therefore could 
not be combined; this casts a doubt on the reliability of the instrument. The 
only difference in conduct of the two series was that the chemical solution used 
in the measurement of breath alcohol was supplied by different firms. However, 
analyses of the two sets of solutions showed them to be chemically identical. 

Alcometer. The results obtained with this instrument were not good. Positive 
readings, indicating the presence of alcohol, were obtained for blank tests 
(without alcohol); the size of these readings varied not only from day to day but 
also throughout each experimental session. Best results were obtained by 
deducting a mean reading for the blank tests for any given day from the 
individual alcohol readings obtained on that day. The early results with this 
apparatus, apart from the positive readings for blanks, were very encouraging; 
on the first 24 paired values a correlation of + 0- 892 was obtained. However, 
for the total of 82 readings the correlation dropped to + 0-386. This con- 
firms other evidence suggesting that after the initial tests with this machine the 
accumulation of moisture in it adversely affected its reliability. 

Breathalyser. The improved production model of this machine gave the best 
results of all the breath instruments, both as regards constant error, which was 
negligible, and accuracy of estimation of blood alcohol, which approached that 
for urine alcohol. There is no evidence that this apparatus is unreliable, as is 
the case with the other two instruments, and in particular it does not give 
positive readings for blank tests. 

COMPARISON WITH OTHER INVESTIGATIONS OF INDIRECT METHODS 
OF BLOOD ALCOHOL ESTIMATION 

A report of the Committee on Tests for Intoxication (1953), in which chemical 
tests for intoxication are evaluated, gives results for the Drunkometer, the 
Alcometer and the Intoximeter in a blood alcohol concentration range of 

TABLE A2 



Percentage distribution of the differences between values for blood alcohol 
determined by blood and by breath analysis in two studies 



Blood/Breath 

difference 

(mg%) 


American study 
Drunkometer Alcometer 


Present study 

Drunkometer Breathalyser 


0-5 


25 


34 


31 


38 


6-10 


31 


26 


24 


26 


11-15 


25 


24 


24 


18 


16-20 


15 


13 


5 


7 


21-25 


2 


3 


8-5 


7 


26-30 


2 


- 


3-5 


2 


31-35 


- 


- 


3-5 


1 
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0-200 mg%. Table A 2 presents for comparison the accuracy of prediction by 
the Drunkometer and Alcometer in the American study and the Drunkometer 
and Breathalyser in the present study. It will be seen that the two investigations 
give similar results. In the American investigation both instruments had an 
accuracy, within 95 per cent confidence limi ts, of ^ 22 mg%. 

Coldwell (1957) has made a comparison of blood alcohol values measured 
by the Breathalyser and by direct analysis of blood. He found that the Breath- 
alyser readings were accurate to ± 25 mg% at the 95 per cent confidence 
limits, which is very similar to the Breathalyser accuracy found in the present 
study. For the urine alcohol he found a predictive accuracy of ± 16 mg% at 
the 95 per cent level of confidence. 



CONCLUSIONS 

The readings of blood alcohol level obtained for the Drunkometer (Series 2) 
and Breathalyser are in close agreement with those obtained from direct blood 
analysis. The readings obtained from the Alcometer were accurate at first but 
afterwards became unreliable, possibly due to the accumulation of moisture in 
the apparatus. 

The discrepancy between the Breathalyser or the Drunkometer readings and 
the true blood alcohol level will be less than 25 mg % 95 times in 100. The 
discrepancy between the adjusted urine alcohol level and blood alcohol level will 
be less than 20 mg% 95 times in 100. 
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TABLE A3 

Blood alcohol levels estimated by direct blood analysis (x) and by breath analysis 
with the Drunkometer — Series 1, Weight method (y) 



Ingested 

dose 


Subject 

No. 


Blood alcohol (mg%) 


1 




2 


Sample 

3 




4 


X 


y 


X 


y 


X 


y 


X 


y 




1 


63 


82 


79 


87 


90 


90 








2 


35 


49 


66 


62 


60 


66 


63 


62 




3 


59 


165 





107 


76 


108 


39 


75 


4 


4 


102 


81 


74 


92 


69 


117 


63 


129 




5 


48 


72 


78 


76 


76 


130 


70 


61 




6 






88 


77 


87 


76 








1 


43 


58 


51 


59 


54 


61 


51 


61 




2 


25 


46 


36 


51 


47 


56 


30 


54 




3 


73 


69 


73 


99 


61 


163 


50 


69 


3 


4 


83 


85 


81 


67 


63 


95 


59 


73 




5 


50 


69 


72 


59 


68 


48 


53 


48 




6 


84 


98 


71 


78 


72 


68 


44 


55 




1 


35 


58 


52 


46 


40 


42 


34 


28 




2 


23 


41 


39 


44 


31 


27 


— 


— 


2 


3 


38 


57 


38 


57 


31 


43 


19 


20 




4 


22 


— 


39 


34 


56 


29 


30 


21 




5 


37 


37 


32 


40 


29 


37 


24 


34 




1 


14 


34 


10 


19 










1 


3 


26 


31 


18 


20 


— 


— 


— 


— 




4 


11 


16 


— 








~ 


- 
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TABLE A4 

Blood alcohol levels estimated by direct blood analysis (x) and by breath analysis 
with the Drunkometer — Series 1, Volume method (y) 



Ingested 

dose 


Subject 

No. 


Blood alcohol (mg%) 


1 


2 


San 


lple 

3 


4 


X 


y 


X 


y 


X 


y 


X 


y 




1 


63 


75 


79 


89 


90 


85 








2 


35 


61 


66 


75 


60 


77 


63 


75 


4 


3 


59 


150 


— 


118 


76 


113 


39 


77 


4 


102 


83 


74 


93 


69 


120 


63 


86 




5 


48 


86 


78 


87 


76 


150 


70 


135 




6 






88 


97 


87 


89 




75 




1 


43 


69 


51 


66 


54 


59 


51 


54 




2 


25 


59 


36 


58 


47 


67 


30 


64 




3 


73 


69 


73 


106 


61 


150 


50 


80 




4 


83 


100 


81 


75 


63 


108 


59 


85 




5 


50 


85 


72 


66 


68 


57 


53 


57 




6 


84 


92 


71 


75 


72 


69 


44 


61 




1 


35 


59 


52 


53 


40 


35 


34 


26 




2 


23 


50 


39 


44 


31 


30 


— 


— 


2 


3 


38 


61 


38 


60 


31 


43 


19 


17 




4 


22 


— 


39 


45 


56 


34 


30 


30 




5 


37 


66 


32 


59 


29 


47 


24 


42 




1 


14 


41 


10 


20 










1 


3 


26 


30 


18 


20 


— 


— 


— 


— 




4 


11 


24 


— 


— 


— 


— 


— 


— 
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TABLE A5 

Blood alcohol levels estimated by direct blood analysis (x) and by breath analysis 
with the Drunkometer — Series 2, Weight method (y) 



Ingested 

dose 


I 

Subject I 
No. | 


Blood alcohol (mg%) 


1 


2 


Sam 


pie 

3 


4 


X 


y 


X 


y 


X 


y 


X 


y 




1 


44 


41 


70 


55 


67 


57 


82 


50 




2 


66 


51 


87 


57 


67 


51 


61 


44 




3 


81 


75 


89 


72 


94 


51 


79 


60 


4 


4 


63 


54 


79 


59 


66 


61 


63 


54 




5 


64 


72 


96 


69 


69 


59 


51 


30 




6 


68 


69 


89 


65 


68 


59 


64 


50 




7 


94 


51 




61 


78 


57 


62 


54 




1 








33 


54 


32 




31 




2 


62 


51 


56 


47 


25 


— 


18 


— 




3 


38 


41 


64 


53 


26 


38 


44 


33 




4 


59 


30 


63 


32 


44 


25 


29 


26 




5 


42 


56 


51 


42 


42 


45 


21 


36 




6 


51 


45 


70 


47 


55 


37 


35 


23 




1 


23 


17 




19 


44 


17 


18 






2 


19 


21 


34 


— 


36 


21 


19 


— 


- 


3 


44 


41 


42 


24 


— 


26 


14 


— 




8 


50 


39 


25 


39 


14 


26 


13 






3 


21 


10 
















5 


18 


16 


25 


18 
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TABLE A 6 



Blood alcohol levels estimated by direct blood analysis (x) and by breath analysis 
with the Drunkometer — Series 2, Volume method (y) 



Ingested 
dose . 


! 


Blood alcohol (mg%) 


Subject 

No. 


1 ! 


2 


Sample 
! 3 




4 




X 


y 


x 


y 


x ! 


y 


x 1 


y 




1 


44 


i 

55 


70 


72 


67 ! 


68 ! 


82 


57 




2 


66 


57 


87 


69 


67 


62 


61 


58 




3 


81 


78 


89 


75 


94 


64 


79 i 


69 


4 


4 


63 


56 


79 


65 


66 | 


61 


63 ! 


55 




5 


64 


86 


96 


86 


69 ; 


76 


51 


66 




6 


68 


81 


89 


72 


68 I 


63 


64 


56 




7 


94 


69 




83 


78 


85 


62 


72 




1 








42 


54 


40 




36 




2 


62 


57 


56 


58 


25 


— 


18 


— 




3 


38 


40 


64 


52 


76 


44 


44 


37 


3 


4 


59 


40 


63 


37 


44 


32 


29 


30 




5 


42 


73 


51 


59 


42 


50 


21 


43 




6 


51 


53 


70 


55 


55 


42 


35 


30 




1 


23 


21 




23 


44 


23 


18 






0 


19 


25 


34 


— 


36 


21 


19 


— 


2 


3 


44 


43 


42 


32 


— 


26 


14 


— 




8 


50 


35 


25 


37 


14 


27 


13 


I 




3 


21 


24 




! 




j 




! _ 


1 


5 


18 


18 


25 


; 20 
i 
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Blood alcohol levels estimated by direct blood analysis (x) and by breath analysis , 
with the Breathalyser — Prototype model (y) 



Blood alcohol (mg%) 



Ingested • Subject 
dose No. 



Sample 

1 ; 2 ; 3 ; 4 







X 


y 


X 


y 


X 


y 


X 


y 




1 


62 


46 


60 


64 


99 


61 


73 


48 




~> 


— 


70 


91 


88 


70 


60 


71 


55 




3 


68 


53 


89 


59 


68 


69 


64 


48 




4 


94 


48 


— 


74 


78 


67 


62 


80 


4 


5 

6 


91 

44 


51 

27 


90 

70 


29 

63 


95 

67 


15 

64 


85 

82 


46 

61 




7 


66 


36 


87 


44 


67 


55 


61 


47 




8 


81 


58 


89 


55 


94 


59 


79 


61 




9 


63 


35 


79 


53 


66 


59 


63 


40 




10 


64 


70 


96 


89 


69 


76 


51 


24 




1 


44 




41 


32 


47 


37 


33 


24 




2 


88 


50 


66 


50 


51 


58 


49 


— 




3 


51 


26 


70 


42 


55 


46 


35 


47 




4 


53 


59 


61 


74 


46 


34 


29 


32 




5 


60 


35 


61 


40 


51 


50 


62 


48 




6 


— 


11 


— 


29 


54 


36 


— 


28 




7 


62 


32 


56 


— 


25 


— 


18 


— 




8 


38 


21 


64 


28 


76 


29 


44 


30 




9 


59 


18 


63 


26 


44 


27 


29 


— 




10 


42 


44 


51 


56 


42 


46 


21 


58 




1 


29 


16 


42 


29 


20 


22 


9 


18 




2 


50 


41 


25 


32 


14 


31 


13 


26 




3 


29 


13 


53 


12 


48 


8 


26 


11 




4 


56 


27 


40 


32 


23 


37 


17 


26 




6 


23 


24 


— 


18 


44 


26 


18 


20 




7 


19 


12 


34 


21 


36 


26 


19 


14 




8 


44 


18 


42 


19 


— 


22 


14 


10 




10 


19 


18 


41 


20 


37 


22 


28 


28 




1 


20 


5 


11 


7 


11 


8 


4 


3 




4 


38 


20 


19 


7 


16 




6 


9 




5 


28 


— 


33 


— 


40 


— 


1 


18 


1 


6 


6 


8 


— 


— 


1 


— 


2 







7 


10 


— 


22 


2 


10 


10 


— 







8 


21 


— 


21 


14 


14 


— 


— 


10 




9 


23 


— 


32 


— 


5 


— 


— 


3 




10 


18 


— 


25 


5 


9 


3 


6 


23 
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APPENDIX A 



Blood anolyiis 


Drunkometer 


Dose 4 V 


V 


» 3 0 


• 


» 2 A 


▲ 


- | □ 


B 



IOO 




O 30 60 90 120 

TIME AFTER DRINKING (MIN) 



Fig. A2. Blood alcohol levels as given by direct 
blood analysis and by the Drunkometer (Weight 
method), Series 1, for four doses. 




Fig. A3. Blood alcohol levels as given by direct blood 
analysis and by the Drunkometer (Volume method), 
Series 1, for four doses. 
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Fig. A4. Blood alcohol levels as given by direct blood 
analysis and by the Drunkometer (Weight method), 
Series 2, for three doses. 




Fig. A5. Blood alcohol levels as given by direct blood 
analysis and by the Drunkometer (Volume method), 
Series 2, for three doses. 
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APPENDIX A 




Fig A6. Blood alcohol levels as given by direct Wood 
analysis and by the Breathalyser, Prototype model, for 
four doses. 




TIME AFTER DRINKING (MIN) 



Fig A7 Blood alcohol levels as given by direct blood analysis 
and by the Breathalyser, Production model, for t*o doses. 
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Fig. A8. Blood alcohol levels as given by direct blood analysis 
and by the Alcometer, for two doses. 
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Appendix B 

Summary of Analysis of Variance of Main Scores 

These tables are abridged. They show the statistical significance of the effects 
(on session mean scores) of some of the main factors in the experiment. 



TABLE B1 



Analysis of variance of tracking error scores 



Source of Variation 


df 


Mean square 


Tested 

against 


F 


1 Dose Level . . 


4 


12,264 


(4) 


3-66* 


2 Day 


4 


1,958 


(5) 


<1-00 


3 Subject 


39 


56,826 


(6) 


25-48*** 


4 Dose Level X Latin Square 


28 


3,348 


(6) 


1-50 


5 Day x Latin Square 


28 


4,027 


(6) 


1-81* 


6 Residual 


96 


2,230 


— 


— 


Total 


199 


— 


— 


— 



*P< -05 
***P<-001 



TABLE B2 

Analysis of variance of time scores 



Source of Variation 


df 


Mean square 


Tested 

against 


F 


1 Dose Level 


4 


7,220 


(4) 


1-03 


2 Day . . . . 


4 


185,158 


(5) 


25-72*** 


3 Subject 


39 


153,313 


(«) 


27-38*** 


4 Dose Level x Latin Square 


28 


6,987 


(6) 


1-25 


5 Day X Latin Square 


28 


7,200 


(6) 


1-29 


6 Residual 


96 


5,600 


— 


— 


Total 


199 


— 




— 



***p<-001 
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TABLE B3 



Analysis of variance of steering-wheel movement scores 



Source of Variation 


df 


Mean square 


Tested 

against 


F 


1 Dose Level 


4 


225,794 


(4) 


12-94*** 


2 Day 


4 


328,420 


(5) 


8-81*** 


3 Subject 


39 


273,505 


(6) 


16-90*** 


4 Dose Level x Latin Square 


28 


17,453 


(6) 


108 


5 Day x Latin Square 


28 


37,263 


(6) 


2-30*** 


6 Residual 


96 


16,178 


— 


— 


Total 


199 


— 


— 


— 



***P<-001 



TABLE B4 

Analysis of variance of total reversals of the steering-wheel 



Source of Variation 


df 


Mean square 


Tested 

against 


F 


1 Dose Level 


4 


3,893 


(4) 


3-77* 


2 Day 


4 


21,550 


(5) 


20-92*** 


3 Subject 


39 


25,580 


(S) 


23-15*** 


4 Dose Level x Latin Square 


28 


1,032 


(6) 


<1-00 


5 Day X Latin Square 


28 


1,030 


(6) 


<1-00 


6 Residual 


96 


1,105 




— 


Total 


199 


— 


— 


— 



*P<-05 

***P<-001 
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TABLE B5 



Analysis of variance of effective reversals of the steering-wheel 



Source of Variation 


df 


Mean square 


Tested 

against 


F 


1 Dose Level 


4 


3,491 


(4) 


6-83*** 


2 Day 


4 


7,150 


(5) 


18-76*** 


3 Subject 


39 


8,559 


(6) 


17-22*** 


4 Dose Level x Latin Square 


28 


511 


(6) 


1-02 


5 Day x Latin Square 


28 


381 


(6) 


<1-00 


6 Residual 


96 


497 




— 


Total 


199 


— 


— 


— 



***P<-001 



TABLE B6 



Analysis of variance of ineffective reversals of the steering-wheel 



Source of Variation 


df 


Mean square 


Tested 

against 


F 


1 Dose Level 


4 


489 


(4) 


1-82 


2 Day . . 


4 


3,956 


(5) 


9-74*** 


3 Subject 


39 


6,737 


(6) 


20-54*** 


4 Dose Level x Latin Square 


28 


269 


(6) 


<1-00 


5 Day x Latin Square 


28 


406 


(6) 


1-23 


6 Residual 


96 


328 






Total 


199 


— 


— 


— 



***P<-001 
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Appendix C 

Tables of Individual Blood and Urine Alcohol Readings and Performance Scores 

TABLE Cl 

Blood alcohol levels (mg alcohol per 100 ml blood ) 

DOSE1 



(0-20g. alcohol per Kg body weight) 



Square 


Subject 

No. 


Time after ingestion (min) 
30 60 90 


120 




1 


17 


19 


20 


6 




2 


21 


29 


20 


9 


1 


3 


20 


28 


15 


3 




4 


25 


15 


6 


5 




5 


22 


14 


9 


1 




6 


30 


8 


3 


0 




7 


22 


9 


9 


3 


2 


8 


23 


15 


9 


5 




9 


18 


6 


3 


0 




10 


17 


12 


5 


3 




11 


30 


7 


2 


0 




12 


28 


14 


7 


9 


3 


13 


32 


25 


15 


6 




14 


39 


16 


9 


5 




15 


17 


14 


22 


5 




16 


32 


21 


17 


12 




17 


36 


36 


26 


22 


4 


18 


30 


25 


7 


6 




19 


30 


9 


10 


10 




20 


22 


20 


20 


10 




21 


14 


10 


9 


0 




22 


10 


18 


12 


5 


5 


23 


26 


18 


10 


4 




24 


11 


16 


13 


11 




25 


16 


13 


24 


6 




26 


22 


30 


10 


0 




27 


18 


32 


27 


22 


6 


28 


6 


7 


1 


1 




29 


13 


31 


25 


2 




30 


60 


46 


29 


4 




31 


20 


11 


11 


19 




32 


28 


15 


S 


7 


7 


33 


23 


18 


11 


7 




34 


38 


19 


16 


6 




35 


28 


33 


40 


1 




36 


6 


10 


1 


2 




37 


10 


22 


11 


0 


8 


38 


21 


21 


14 


4 




39 


23 


32 


5 


0 




40 


18 


25 


9 


6 


Mean 




23 


19 


13 


6 


S.D. 




10 


9 


8 


5 










( continued on 


p. S7) 
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APPENDIX C 



TABLE Cl — (i continued ) 

Blood alcohol levels (mg alcohol per 100 ml blood ) 

DOSE 2 

(0-35g alcohol per Kg body weight) 



Square 


Subject 

No. 


30 


Time after ingestion (min) 
60 90 


120 




1 


48 


41 


30 


20 




2 


40 


36 


27 


17 


1 


3 


43 


36 


29 


24 




4 


34 


26 


21 


21 




5 


37 


34 


29 


21 




6 


71 


48 


36 


30 




7 


38 


41 


37 


32 


2 


8 


29 


22 


18 


14 




9 


36 


23 


19 


16 




10 


29 


34 


24 


36 




11 


46 


35 


34 


21 




12 


50 


47 


29 


15 


3 


13 


8 


26 


29 


16 




14 


22 


26 


34 


25 




15 


45 


35 


29 


19 




16 


45 


40 


38 


35 




17 


42 


37 


31 


38 


4 


IS 


86 


68 


52 


51 




19 


54 


41 


31 


32 




20 


23 


28 


36 


IS 




21 


35 


52 


40 


34 




22 


23 


39 


31 


23 


5 


23 


38 


38 


31 


19 




24 


22 


39 


56 


30 




25 


37 


32 


29 


24 




26 


20 


30 


29 


19 




27 


11 


20 


13 


7 


6 


28 


52 


65 


32 


26 




29 


41 


37 


22 


19 




30 


30 


33 


22 


22 




31 


29 


42 


20 


9 




32 


50 


25 


14 


13 


7 


33 


29 


53 


39 


19 




34 


56 


40 


23 


17 




35 


19 


40 


30 


15 




36 


23 


30 


44 


18 




37 


19 


34 


36 


39 


8 


38 


44 


42 


25 


14 




39 


27 


20 


21 


0 




40 


19 


43 


37 


28 


Mean 




36 


37 


30 


20 


S.D. 




15 


30 


9 


9 



( continued on p. 88) 
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TABLE Cl— {continued) 

Blood alcohol levels {mg alcohol per 100 ml blood) 
DOSE 3 

(0 • 50g alcohol per Kg body weight) 



Square 



Subject 

No. 



Time after ingestion (min) 
30 60 90 



120 



1 

2 

1 3 

4 

5 

6 
7 

2 8 

9 

10 

11 

12 

3 13 

14 

15 

16 
17 

4 18 

19 

20 

21 

22 

5 23 

24 

25 

26 
27 

6 28 

29 

30 

31 

32 

7 33 

34 

35 

36 

37 

8 38 

39 

40 

Mean 

S.D. 



63 


55 


56 


59 


67 


50 


64 


62 


46 


41 


71 


68 


60 


73 


65 


60 


51 


34 


64 


40 


58 


55 


56 


52 


90 


76 


82 


60 


56 


63 


64 


61 


57 


71 


62 


57 


63 


57 


84 


71 


43 


51 


25 


36 


73 


73 


83 


81 


50 


72 


53 


66 


55 


53 


61 


65 


46 


52 


46 


49 


40 


41 


88 


66 


51 


70 


53 


61 


60 


61 


25 


45 


62 


56 


38 


64 


59 


63 


42 


51 


58 


59 


14 


11 



88 



47 


40 


73 


39 


37 


35 


68 


43 


29 


19 


55 


56 


74 


51 


56 


33 


36 


24 


40 


39 


44 


41 


47 


43 


40 


27 


48 


41 


54 


48 


55 


35 


54 


49 


48 


34 


56 


46 


72 


44 


54 


51 


47 


30 


61 


50 


63 


59 


68 


53 


57 


51 


37 


35 


47 


35 


40 


35 


42 


40 


47 


33 


51 


49 


55 


35 


46 


29 


62 


51 


54 


36 


26 


18 


76 


44 


44 


29 


42 


21 


51 


39 


12 


10 
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APPENDIX C 



TABLE Cl — ( continued ) 

Blood alcohol levels (mg alcohol per 100 ml blood ) 
DOSE 4 



(0- 65g alcohol per Kg body weight) 



Square 


Subject 

No. 


30 


Time after ingestion (min) 
60 90 


120 




1 


102 


72 


68 


47 




2 


97 


89 


92 


85 


1 


3 


85 


82 


60 


50 




4 


86 


66 


59 


55 




5 


80 


82 


63 


56 




6 


100 


86 


85 


68 




7 


60 


79 


73 


71 


9 


8 


82 


71 


54 


50 




9 


82 


60 


46 


37 




10 


86 


78 


70 


68 




11 


83 


81 


71 


74 




12 


69 


73 


76 


37 


3 


13 


41 


62 


52 


37 




14 


79 


74 . 


68 


53 




15 


82 


60 


67 


55 




16 


71 


80 


79 


74 




17 


93 


89 


91 


70 


4 


18 


70 


63 


37 


34 




19 


73 


64 


67 


55 




20 


92 


88 


67 


87 




21 


63 


79 


90 


84 




22 


36 


66 


60 


63 


5 


23 


59 


67 


76 


39 




24 


101 


74 


69 


63 




25 


48 


78 


76 


70 




26 


56 


63 


54 


41 




27 


120 


104 


88 


85 


6 


28 


58 


79 


77 


69 




29 


44 


57 


58 


40 




30 


66 


98 


68 


69 




31 


62 


60 


99 


73 




32 


70 


91 


70 


71 


7 


33 


68 


89 


68 


64 




34 


94 


85 


78 


62 




35 


91 


90 


95 


82 




36 


44 


70 


67 


82 




37 


66 


87 


67 


61 


8 


38 


81 


89 


94 


79 




39 


62 


79 


66 


63 




40 


64 


96 


69 


52 


Mean 




74 


77 


71 


62 


S.D. 




19 


12 


14 


15 
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TABLE C2 

Urine alcohol levels (mg alcohol per 100 ml urine ) 

DOSE 1 



(0-20g alcohol per Kg body weight) 



Square 


Subject 

No. 


30 


Time afte 
60 


r ingestion (min) 
90 


120 




1 


16 


13 


1 


1 




2 


30 


39 


17 


2 


1 


3 


35 


19 


17 


10 




4 


-j 


18 


11 


7 




5 


21 


25 


10 


3 




6 


24 


3 1 


24 


10 




7 


18 


27 


19 


13 


2 


8 


25 


21 


14 


6 




9 


21 


20 


10 


3 




10 


22 


22 


14 


2 




11 


31 


33 


9 


0 




12 


20 


23 


25 


17 


3 


13 


19 


25 


22 


11 




14 


30 


27 


16 


5 




15 


25 


24 


12 


1 




16 


16 


19 


24 


21 




17 


20 


29 


30 


21 


4 


18 


19 


25 


15 


9 




19 


30 


23 


12 


9 




20 


17 


29 


20 


8 




21 


7 


12 


15 


12 




22 


6 


13 


12 


7 


5 


23 


9 


25 


14 


2 




24 


12 


23 


22 


4 




25 


7 


14 


23 


4 




26 


15 


20 


3 


3 




27 


9 


17 


10 


4 


6 


28 


12 


16 


10 


3 




29 


13 


16 


8 


3 




30 


52 


56 


35 


12 




31 


15 


25 


13 


4 




32 


29 


41 


25 


8 


7 


33 


19 


23 


16 


7 




34 


32 


34 


30 


15 




35 


32 


26 


17 


1 




36 


6 


10 


12 


2 




37 


0 


4 


24 


0 


8 


38 . 


7 


16 


7 


6 




39 


IS 


21 


19 


13 




40 


10 


22 


11 


6 


Mean 




19 


23 


16 


7 


S.D. 




10 


9 


12 


5 










(continued 


on p.9: 
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APPENDIX C 



TABLE C2 — (< continued ) 

Urine alcohol levels {mg alcohol per 100 ml urine) 

DOSE 2 



(0-35g alcohol per Kg body weight) 



Square 


Subject 

No. 


Time after ingestion (min) 
30 60 90 


120 




1 


43 


40 


33 


26 




2 


38 


46 


36 


27 


1 


3 


46 


50 


36 


29 




4 


33 


36 


26 


11 




5 


28 


43 


33 


28 




6 


78 


75 


57 


39 




7 


11 


45 


48 


40 


2 


8 


23 


36 


27 


18 




9 


55 


42 


28 


19 




10 


22 


43 


39 


31 




11 


59 


70 


43 


33 




12 


41 


53 


43 


28 


3 


13 


4 


26 


27 


31 




14 


47 


48 


39 


27 




15 


34 


51 


40 


38 




16 


30 


38 


40 


36 




17 


34 


51 


46 


38 


4 


IS 


71 


91 


77 


75 




19 


63 


54 


43 


38 




20 


29 


37 


39 


31 




21 


34 


64 


58 


46 




22 


17 


43 


39 


28 


5 


23 


21 


. 51 


47 


33 




24 


13 


45 


48 


30 




25 


25 


49 


45 


42 




26 


21 


43 


41 


24 




27 


14 


38 


39 


34 


6 


28 


48 


54 


46 


35 




29 


52 


71 


45 


30 




30 


41 


44 


37 


26 




31 


33 


48 


37 


24 




32 


49 


57 


47 


28 


7 


33 


39 


54 


48 


26 




34 


58 


59 


40 


31 




35 


19 


45 


42 


35 




36 


32 


20 


50 


24 




37 


13 


32 


29 


31 


8 


38 


42 


50 


44 


38 




39 


30 


32 


17 


4 




40 


23 


44 


43 


39 


Mean 




35 


48 


41 


31 


S.D. 




17 


13 


10 


10 
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TABLE C2 — ( continued ) 

Urine alcohol levels (mg alcohol per 100 ml urine) 



DOSE 3 

(0-50g alcohol per Kg body weight) 



Square 


Subject 

No. 


Time after ingestion (min) 
30 60 90 


120 




i 


51 


74 


65 


54 




2 


63 


84 


84 


76 


1 


3 


78 


75 


63 


59 




4 


81 


72 


66 


51 




5 


32 


54 


33 


20 




6 


56 


97 


82 


76 




7 


51 


82 


84 


82 


2 


8 


54 


80 


68 


56 




9 


64 


80 


57 


53 




10 


64 


70 


64 


55 




11 


56 


63 


58 


51 




12 


46 


67 


65 


58 


3 


13 


49 


76 


68 


63 




14 


71 


86 


71 


60 




15 


63 


78 


75 


63 




16 


43 


53 


56 


66 




17 


54 


80 


84 


74 


4 


18 


48 


83 


76 


60 




19 


80 


80 


71 


64 




20 


96 


93 


88 


69 




21 


38 


64 


75 


62 




22 


12 


49 


54 


49 


5 


23 


77 


95 


86 


73 




24 


60 


105 


90 


70 




25 


45 


87 


81 


68 




26 


76 


92 


78 


68 




27 


29 


75 


77 


63 


6 


28 


58 


71 


69 


59 




29 


80 


83 


72 


54 




30 


66 


76 


69 


55 




31 


39 


59 


53 


42 




32 


89 


103 


100 


71 


7 


33 


49 


82 


76 


65 




34 


60 


80 


74 


61 




35 


51 


78 


70 


64 




36 


11 


40 


49 


48 




37 


69 


64 


40 


32 


8 


38 


34 


67 


64 


51 




39 


56 


78 


76 


70 




40 


50 


73 


74 


56 


Mean 




56 


76 


70 


60 


S.D. 




IS 


14 


9 


12 



( continued on p. 93) 



92 

Printed image digitised by the University of Southampton Library Digitisation Unit 



APPENDIX C 



TABLE C2 — ( continued ) 

Urine alcohol levels {mg alcohol per 100 ml urine) 
DOSE 4 



(0’65g alcohol per Kg body weight) 
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TABLE C3 — ( continued ) 
Tracking error scores* 
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TABLE C4 — ( continued ) 
Time scores * 
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TABLE C5 

Steering-wheel movement scores' 
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TABLE C 5 — ( continued ) 
Steering-wheel movement scores : 



APPENDIX C 
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Effective 5 steering-wheel reversal scores' 
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TABLE C6 — ( continued ) 
‘Effective' steering-wheel reversal scores' 



APPENDIX C 
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TABLE C7 

e Ineffective ’ steering-wheel reversal scores'- 
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TABLE C7 — ( continued ) 
c Ineffective ’ steering-wheel reversal scores : 



appendix c 





in 


n r~ 0\ co 
i/i ioi rf n 


CM if VO CM 
CM co CM CO 


CM — CO CM 
in in co co 


in it 0 — 
in vo vo vo 


Ov it O 00 
CM CM CM r- 




it 


m Tf ino 
in -'T <n in 
VO 


co O Cv Ov 
CM CM i— 1 CM 

Pi 


vo CO it vo 

CO CO CO CM 
00 


CO P 00 co 
it it it if 

ov 


co m 00 00 
CO CO CM CM 

0 


Square ! 


Day 
2 3 


o p~ it co ov 
u 't in m m 

3 

3 

M n — o 

it in in it 


4 $ CO CM CM CM 

3 

3 

c/a it r- it cm 

it co it co 


tj co >n ov 0 
0 in ft t 

3 

3 

03 vo it «n m 
co t t co 


0 —1 r~- — 1 it 
0 co t vo in 

3 

3 

C /3 Ov n O — 

it m vo it 


0 00 f It 00 
(O CO CM CM CM 

3 

c /3 —1 in co cm 

CO CM CM CM 




- 


in r- it co 
pi r~ t — vo 


cm ov r- n 

t — it it CO 


CO VO CM co 
m if -f >n 


— if 00 pi 
CO CO P- vo 


00 O VO it 
CM CO CM CM 




>n 


HOOOlO 

nm m n 


0 ov vo CO 
CO 0 CM O 


cm vo n r- 
>n it -t co 


it cv <n vo 
in in >n «n 


co pi >n pi 
P- pi vo vo 




it 


m p- Ov p- 

cn M N rs 


ov r~ ov <n 

T— OO OV OO 

CM 1-1 


CM VO t rH 

>n t 7 m 
co 


CM «—i 0 vo 
vo in >n m 
it 
co 


00 OO pi VO 

vo vo vo in 
m 
co 


Square 


Day 
2 3 


oN>00 
«j m to t t 

3 

C /3 oo O m ov 
(N PI N (N 


tl CM if if CO 
S co ov 00 00 

3 "' 

3 

c/a r-~ 00 m 00 

CO 00 00 00 


vo vo vo 

3 co co co ro 

3 

3 

C /3 00 VO O vo 
it m it co 


0 OV CO it CM 
nj in vo >n pi 

3 

3 

C /3 it ti vo OV 
in in >n vo 


0 00 00 00 00 
4 J It It It It 

3 

3 

C /3 —1 CO CO —1 
•n it if in 




- 


in i-i in vo 


O co 0 CM 
<n CM CM —1 


r-» CM it Ov 
m <n t it 


— 1 0 00 p~ 
<n in it in 


cm cv CM 00 
00 it in it 




m 


vo t- 3 >n 
t n 3 't 


00 co «n co 
it in <n if 


in it cm vo 
in it r~- *n 


r- OO OO it 
it CM CM it 


pi it ov 00 
it it co co 


Square 6 


Day 

2 3 4 


co co oo p~ 
oo in if n 
vo 

CM 

o oo VO VO o 
Qj C"- C" vo vo 

3 

3 

CO ov vo o o 
oo r~- c~~ 


rt rt M O 
in >n co t 
p~ 

CM 

q N >n co 1 — 1 
3 t- t t m 

3 

c /3 p~ co m cm 
VO CO CO CO 


it CM P- vo 
vo in it co 
00 
CM 

uPM-iO 
5 VO it vo t 

3 

c /3 co ov <n ov 

0 >n n it 


CO CM P~ it 
co it co co 
Ov 
CM 

tj VO vo CO CM 
_0) It It It if 

3 

3 

C /3 co —1 —1 cM 
if co co <0 


O O — < vo 
co it it co 
O 
CO 

0 OV VO CO CO 
0 CO CO CO CO 

3 

c/a vo co p- vo 
in it co it 




- 


o >n vo — i 

go p" r- r" 


Cv CM vo ov 
Ov 00 vo <n 


co 00 0 «n 
cm r-~ m if 


O it CM O 

>n it it if 


if 00 if co 
if if if if 




w 


ov p~ oo vo 
t" io vo vo 


t-h in 00 t~- 


r- cm P- >n 
if in co it 


CM pi CM pi 
it co it it 


p~ P- O vo 
vo vo in p~ 


Square 5 


Day 

2 3 4 


m pit -i 
r- vo vo vo 

CM 

o cm cM — i n 
a5 cv oo oo vo 

3 

co n if >n 


vo 00 CM vo 
-h^CM-i 
CM 
CM 

tj Ov -H 00 vo 

SrtNHH 

3 

3 

c /3 CM it ov in 
CM CM 1-1 H 


cm vo cM co 
it co it co 
co 
CM 

0 >n P- 00 oo 
u in t co pi 

3 

3 

c/a pi it 00 — 

in m in in 


CM CM it O 
in in co co 
it 
CM 

0 O Cv O it 
oj it co <n in 

3 

3 

C /3 OO CV CM O 
m co it co 


PM vo — 1 pi 
in >n n <n 

CM 

0 co vo co <n 
0 in it it m 

3 

c /3 m >0 ov vo 
vomit <n 




- 


co i— 1 r~ cn 
Cv co vo r-~ 


VO VO t |H 
CO 1-1 CM CM 


cv 0 ov m 
vo co «n in 


CM VO O pi- 

00 it vo vo 


CM — vo 00 
p vo m it 


Period 


~ CM CO if 


1-1 CM CO It 


1—1 CM co it 


—I CM CO it 


H CM CO It 



103 



Printed image digitised by the University of Southampton Library Digitisation Unit 



For method of scoring see p. 29. 



References 



Bahnsen, P., and Vedel-Petersen, K. (1934). Alcohol studies. I. Experiments on drivers of 
motor vehicles. J. Industr. Hyg., 16, 304. 

Bartlett, F. C. (1943). Fatigue following highly skilled work. Proc. roy. Soc., B. 131, 247. 

Bartley, S. H., and Chute, E. (1947). Fatigue and impairment in man. McGraw-Hill, New 
York. 

Bjerver, K., and Goldberg, L. Effect of alcohol ingestion on driving ability. Results of 
practical road tests and laboratory experiments. Quart. J. Stud. Ale., 11, 1. 

Borkenstein, R. F. (1956). Breath tests to determine alcoholic influence. Indiana State Police 
Manual. 

Broadbent, D. E. (1956). Inhibition and extraversion. Quart. Bull. Brit, psychol. Soc., No. 
29, p. 13. 

Cameron, A. T. (1940). Alcohol and automobile driving. Canad. med. Ass.j., 43, 46. 

Cattell, R. B. (1930). The effects of alcohol and caffeine on intelligent and associative 
performance. Brit. J. med. Psychol., 10, 20. 

Cavett, J. W. (1938). The determination of alcohol in blood and other body fluids. J. Lob. 
clin. Med., 23, 543. 

Cohen, J., Dearnaley, E. J., and Hansel, C. E. M. (1958). The risk taken in driving under 
the influence of alcohol. Brit. med. J., 1, 1438. 

Coldwell, B. B. (Ed.) (1957). Report on improved driving tests. Edmond Cloutier, Queen’s 
Printer, Ottawa. 

Darrow, C. W. (1929). Psychological effects of drugs. Psychol. Bull., 26, 527. 

Davis, D. R. (1948). Pilot error: Some laboratory experiments. H.M.S.O., London. 

Dodge, R., and Benedict, F. G. (1915). Psychological effects of alcohol. Publ. Carneg. Instn., 
No. 232. 

Drew, G. C. (1942). Mental Fatigue. Flying Personnel Res. Com. Rep. No. 227. 

Drew, G. C. (1950). The effect of alcohol on human efficiency with especial reference to 
driving. Department of Scientific and Industrial Research. Road Research Laboratory, 
Research Note No. RN/1291. 

Eggleton, M. G. (1940). Some factors affecting the metabolic rate of alcohol. J. Physiol., 98, 
239. 

Eggleton, M. G. (1941). The effect of alcohol on the central nervous system. Brit. J. Psychol., 
32, 52. 

Eggleton, M. G. (1942). The diuretic action of alcohol in man. J. Physiol., 101, 172. 

Elbel, H., and Schleyer, F. (1956). Blutalkohol. Die wissenschaftlichen grundlagen der 
beurteilung von blutalkoholbefunden bei strassenverkehrsdelikten. Thieme, Stuttgart, 
tierarztl Mschr. 

Emerson, H. (1933). Alcohol and man. The effects of alcohol on man in health and disease. 
Macmillan, London. 

Eysenck, H. J. (1952). The scientific study of Personality. Routledge and Kegan Paul, London. 

Eysenck, H. J. (1957a). Drugs and Personality. I. Theory and methodology. J. ment. Scl, 
103, 119. 



104 

Printed image digitised by the University of Southampton Library Digitisation Unit 



REFERENCES 



Eysenck, H. J. (1957b). The dynamics of anxiety and hysteria. Routledge and Kegan Paul, 
London. 

Exner, S. (1873). Experimental^ Untersuchung der einfachsten psychischen Processe. Pfliig. 
Arch. ges. Physiol, 7, 601. 

Fleming R., and Stotz, E. (1936). Experimental studies in alcoholism. II. The alcohol content 
of the blood and cerebrospinal fluid following intravenous administration of alcohol m 
chronic alcoholism and the psychoses. Arch. Neurol, and Psychiat., 35, 117. 

Fisk, E. L. (1917). Alcohol: Its relation to human efficiency and longevity. Funk and Wagnalls, 
New York and London. 



Forney R B Hulpieu, H. R., and Harger, R. N. (1950). The levels of alcohol in brain, 
peripheral blood, and heart blood ten minutes after oral administration. /. Pharmacol., 
98, 8. 

Forrester, G. C. (1950). The use of chemical tests for alcohol in traffic law enforcement. Thomas, 
Springfield, Illinois. 

Foulds, G. A. (1951). Temperamental differences in maze performance. Part I. Characteristic 
differences among psychoneurotics. Brit. J. Psychol., 62, 209. 

Guilford, J. P., and Braly, K. W. (1930). Extraversion and introversion. Psychol. Bull., 27, 

66 . 

Goldberg L (1943). Quantitative studies on alcohol tolerance in man. The influence of ethyl 
alcohol on sensory, motor and psychological functions referred to blood alcohol in normal 
and habituated individuals. Acta, physiol, scand., 5 (Suppl. 16), 1. 



Goldberg L. (1951). Tolerance to alcohol in moderate and heavy drinkers and its significance 
to alcohol and traffic. Alcohol and Road Traffic Proc. First int. Conf. Ale. and Rd. Traff. 
Kugelberg, Stockholm. 

Goodman, L. and Gilman, A. (1956). The pharmacological basis of therapeutics. Macmillan, 
New York. 

Greenberg, L. A. and Keator, F. W. (1941). A portable automatic apparatas for the indirect 
determination of the concentration of alcohol in the blood. Quart. J. Stud. Ale., 2, 57. 



Haddon, W., and Bradess, V. A. (1959). Alcohol in the single vehicle fatal accident. J. Amer. 
med. Ass., 169, 1587. 

Haggard H. W„ and Greenberg, L. A. (1940). Studies on absorption, distribution and 
elimination of alcohol: The influence of glycol upon the absorption of alcohol. 
J. Pharmacol., 68, 482. 

Haggard, H. W„ Greenberg, L. A., and Cohen, L. H. (1943). Quantative differences in effect 
of alcoholic beverages. Quart. J. Stud. Ale., 4, 3. 

Haggard, H. W., Greenberg, L. A., and Lclu, G. (1941). The absorption of alcohol with 
special reference to its influence on the concentration of alcohol appearing m the blood. 
Quart. J. Stud. Ale., 1, 684. 



Hanzlik, P. J., and Coluns, R. J. (1913). The absorption of alcohol. J. Pharmacol., 5, 185. 
Harger, R. N„ Forney, R. B., and Barnes, H. B. (1951). Estimation of the level of blood 
alcohol from analysis of breath. Proc. First int. Conf. Ale. and Rd. Traff., Kugelberg, 



Stockholm 



Harger, R. N„ and Hulpieu, H. R. (1956). The pharmacology of alcohol. In Alcoholism. 
G. N. Thompson, (Ed.) Thomas, Springfield, Illinois. 

Harger, R. N„ Hulpieu, H. R., and Lamb, E. B. (1937). The speed with which vuious 
parts of the body reach equilibrium in the storage of ethyl alcohol. J. biol. Chem., 120, bay. 

Harger, R. N., Lamb, E. B., and Hulpieu, H. R. (1938). A rapid chemical test for intoxication 
employing breath. /. Amer. med. Ass., 110, 779. 

Himmelwbit, H. T. (1945). A study of temperament of neurotic persons by means of level of 
aspiration tests. Doctoral Thesis, University of London. 



105 



Printed image digitised by the University of Southampton Library Digitisation Unit 



ALCOHOL AND A SKILL RESEMBLING DRIVING 



Himmelweit, H. T. (1946). Speed and accuracy of work as related to temperament. Brit J 
Psychol., 36, 132. 

Himwich, H. E. (1956). Alcohol and brain physiology. In Alcoholism. G. N. Thompson 
(Ed.), Thomas, Springfield, Illinois. 

Holcomb, R. L. (1938). Alcohol in relation to traffic accidents. J. Amer. med. Ass., Ill, 1076. 

Hull, C. L. (1933). Hypnosis and suggestibility. Appleton Century, New York. 

Jellenek, E. M., and McFarland, R. A. (1940). Analysis of psychological experiments on 
the effects of alcohol. Quart. J. Stud. Ale., 1, 272. 

Jetter, W. W. (1938). Studies in Alcohol. I. The diagnosis of acute alcohol intoxication by a 
correlation of clinical and chemical findings. Amer. J. med. Sci ., 196, 477. . 

Jetter, W. W., Moore, M., and Forrester, G. C. (1941). Studies in alcohol. IV. A new 
method for the determination of breath alcohol. Amer. j. clin. Path. tech. Suppl., 5, 75. 

Jungmichel, G. (1933). Alkoholbestimmung im Blut — Methodik und forensische Bedeutung. 
Heymanns, Berlin. 

Kent-Jones, D. W., and Taylor, G. (1954). The Determination of alcohol in blood and urine. 
The Analyst, 79, 121. 

Klein, H. (1951). Die Blutalkoholkurve nach zucherhaltiigen Getranken. Dtsch. Z. gesgerichtl 
Med., 40, 455. 

Kraepelin, E. (1883). Ueber die Einwirkung einiger medicamentoser Stoffe auf die Dauer 
einfacher psychischer Vorgange. Psychol. Stud. (Wundt), 1, 573. 

Kraepelin, E. (1896). Zur hygiene der arbeit. Fischer, Jena. 

Kremer, F. (1884). Ueber die Einwirkung der Narcotica auf den Raumsinn der Haut. Pfliiger 
Arch. ges. Physiol ., 33, 271. 

ange, J., and Specht, W. (1914). Neue Untersuchungen fiber die Beeinflussung der 
Sinnesfunctionen durch geringe Alkoholmengen. Z. Pathopsych., 3, 155. 

ester, D., and Greenberg, L. A. (1952). Alcoholism 1941-51: A survey of activities in 
research. HI. The status of physiological knowledge. Quart. J. Stud. Ale., 13, 444. 

.ewis, R. E. F. (1951). The objective measurement of driver behaviour: A preliminary report 
on ‘Test Retest Consistency Without Traffic’. Med. Res. Coun. A.P.U. 149/51. 

Lichtenfels, R. (1851). Ueber das Verhalten des Tastsinnes bei Narkosen der Central-Organe, 
gepruft nach der Weberschen Methode. S.B. Akad. Wiss. Wien., 6, 338. 

Liljestrand, G. (1940). Till fragan om lakarundersokning rorande alkoholpaverkan. Tirfing, 
34, 97. 

Loftus, J. (1957). Blood alcohol test and clinical examination of automobile drivers in Oslo. 
Quart. J. Stud. Ale., 18, 217. 

Lolli, G. and Rubin, M. (1943). The effect of concentration of alcohol on the rate of absorption 
and the shape of the blood alcohol curve. Quart. J. Stud. Ale., 4, 57. 

Loomis, T. A. and West, T. C. (1958). The influence of alcohol on automobile driving ability. 
An experimental study for the evaluation of certain medico-legal aspects. Quart. J. Stud . 
Ale., 19, 30. 

Lucas, C. H. W., Kalow, W., McColl, J. D., Griffith, B. A., and Smith, H. W. (1955). 
Quantitative studies of the relation between alcohol levels and motor vehicle accidents 
Proc. Second int. Conf. Ale. and Rd. Traff. Garden City Press Cooperative, Toronto. 

McDougall, W. (1926). Outline of abnormal psychology. Scribner’s, New York. 

McDougall, W. (1929). The chemical theory of temperament applied to introversion and 
extraversion. J. abnorm. ( soc .) Psychol., 24, 293. 

McFarland, R. A., and Barach, A. L. (1936). The relationship between alcohol intoxication 
and anoxemia. Amer. J. med. Sci., 192, 1 86. 

106 



Printed image digitised by the University of Southampton Library Digitisation Unit 



REFERENCES 



Medical Research Council. Alcohol Investigation Committee. (1938). Alcohol , its action 
on the human organism. 3rd Ed. H.M.S.O., London. 

Mellanby, E. (1919). Alcohol. Its absorption into and disappearance from the blood under 
different conditions. Spec. Rep. ser., med. Res. Coun., Lond. No. 31. H.M.S.O. 

Miles, W. R. (1924). Alcohol and human efficiency. Cameg. Inst. No. 333. 



Mirsky, I. L., Piker, P., Rosenbaum, M., and Lederer, H. (1941). ‘Adaptation’ of the central 
nervous system to varying concentrations of alcohol in the blood. Quart. J. Stud. Ale., 

2, 35. 

Mullin, E. J., and Luckhardt, A. B. (1934). The effect of alcohol on cutaneous and tactile 
pain sensitivity. Amer. J. Physiol., 109, 77. 

National Safety Council, Committee On Tests For Intoxication. (1953). Evaluating 
chemical tests for intoxication. National Safety Council, Chicago. 

Nelson, E. E. (1939). Variability in response to drugs. J. Amer. med. Ass., 113, 1373, 

Newman, H. W. (1941). Acute Alcoholic Intoxication. Stanford University Press. 

Newman, H. W. (1947). Some factors influencing the rate of metabolism of ethylalcohol. 
Quart. J. Stud. Ale., 8, 377. 

Newman, H. W. (1955). Individual variation in tolerance to alcohol. Proc. Second int. Can/. 

Ale. and Rd. Traff. Garden City Press Cooperative, Toronto. 

Newman, H. W., and Abramson, M. (1942). Some factors influencing the intoxicating effect 
of alcohol beverages. Quart. J. Stud. Ale., 3, 351. 

Newman, H. W., and Card, J. F. (1937). The nature of tolerance of ethyl alcohol. J. Sen. 
ment. Dis ., 86, 428. 

Newman, H. W., and Card, J. F. (1938). Duration of acquired tolerance to alcohol. 

J. Pharmacol., 59, 249. 

Newman, H. W., and Fletcher, E. (1940). The effect of alcohol on driving skill. J. Amer. 
med. Ass., 115, 1600. 

Newman, H. W., Fletcher, E., and Abramson, M. (1942). Alcohol and driving. Quart. J. 
Stud. Ale., 3, 15. 

Newman, H. W„ and Lehman, A. J. (1938). Nature of acquired tolerance to alcohol. 
J. Pharmacol., 62, 301. 

Newman, H. W., Lehman, A. J., and Cutting, W. C. (1937). Effect of dosage on rate of 
disappearance of alcohol from the blood stream. J. Pharmacol., 61, 58. 
NiEMmowicz-SzczYTT, C. (1938). Les modifications de la chronaxie vestibulaire determmees 
par l’alcool chez les alcooliques. Encephale, 33, 26. 

Penner, D. W., and Coldwell, B. B. (1958). Car driving and alcohol consumption. Medical 
observations on an experiment. Canad. med. Ass. J., 79, 793. 

Porteus, S. D. (1950). The Porteus Maze Test and Intelligence. Pacific Books, Palo Alto. 
California. 

SCHMIDT, M. (1934). Alcohol Studies II. Concentration of alcohol in the blood. J. Industr. 
Byg., 16, 355. 

Shagass C (1954). The sedation threshold. Electroenceph . clin. Neurophvsiol., 6, 221. 
Shagass’, C. (1957). A measurable neurophysiological factor of psychiatric stgntficance. 
Electroenceph. clin. Neurophysiol., 9, 101. 

Siegel, S. (1956). Nonparametric statistics for the behavioural sciences. McGraw-H.ll, New 

Steinberg, H. (1953). Some effects of depressant drugs on behaviour. University of London 

Tay^sZ^lflnd practice of medical Jurisprudence, S. Smith (Ed.), (1957). Churchill, 
London. 



107 



Printed image digitised by the University of Southampton Library Digitisation Unit 




PLATE II 



Printed image digitised by the University of Southampton Library Digitisation Unit 





Printed image digitised by the University of Southampton Library Digitisation Unit 



